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A styrene polymer represented by formula (1 ), termed with P. and having a weight average mo.ecu.ar 
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serein B OH or OF* R 1 is H or CH 3 R* J£« HjJ adcMabJe <%^>S^?£^££ 
0.8, P+ q = 1 , P is H. alkyl. alkenyl. Sgh sensitivity and resolution and terms resist 

nositive resist composition comprising the polymer as a ease resin nd 5 , y 
Sterns Sling pTsma etch«g resistance, heat resistance, and reproducibility. 
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S a \ pre t sent ' nvent,on re,ates to a ^vel polymer having at least one type of acid labile group, terminally 
merited, and opt anally crosslink* within a molecule and/or between molecules with crosslinking groups having C 
^nnl 96S ' v 68 n * TOm P° sltlon comprising the polymer as the base resin and a patterning process 

using the resist com P osrt,on. Embodiments of the invention are found to give improved alkali dissolution contrast before 

^ rGSO,Utbn - " ^ te b9 - « * -icro- 



'0 BACKGROUND 



[0002] Deep-ultraviolet lithography, one of a number of recent efforts that are being made to achieve a finer oattern 
rule ,n the dnve for higher integration and operating speeds in LSI devices, is thought to hold pa^ZpnxnSS 
«0S 9 ZLTZ m D -P"UV lithography is capab.e Jachievinga mJEEZTJE 

J^°^ devel °P ecl acid-catalyzed chemically amplified positive resists, such as those described in JP-B 

Ztt uvTJ J 'T 988 ' 4l491 ' 62S ^ USP 5 ' 310 ' 619 - Uti,i2e 3 high-intensity KrF excirnt fase a the 
deep-UV l,ght source. These res,sts. with their excellent properties such as high sensitivity, high resolution and good 
dry etching resistance, are especially promising for deep-UV lithography. union, ana good 

[0004] Such chemically amplified positive resists include two-component systems comprising a base resin and a 

[0005] For example. JP-A 115440/ig87 describes a resist comprising poly-4-tert-butoxystyrene and a photoacid 
generator and JP-A 223858/19 9 1 describes a similar two-component List comprising a SnTeSng 1e£2Sv 

r s rwSr c ^ 

2S ^S^^SSSS^" 9 meth " isopropyl - tert ^ - 

Klh^ 100488/ \ 9 f 4 dis ° loses a resist comprised of a polydihydroxystyrene derivative, such as poly[3 4-bis 

[0007] However, when the base resin in these resists bears acid labile groups on side chains and these acid labile 
groups are groups such as tert-butyl and tert-butoxycarbony. which are cleaved by strong acids, the resin reacts wim 
air-bomebasK, compounds and loses some of its activity, as a result of which cleavage of the acid labile lupsarS 
less readity and the resist pattern tends to take on a T-top profile. By contrast, alkoxj.ky. groups such JS^Z 

fn™r^ ab.e narrowing of the pattern configuration as the time interval between exposure and heat treatmen 

rSS2£S2hT' "Trt 01 bUlkV 9f0UpS °" thS SWe Ch3inS ' OWerS ,he ,hermal **™y ° f » a resin, makfng 
iS^SS- TZ 3 3 Sat,S,aC ' 0f y sensi,ivi * ™* res °' u «™- These problems have hitherto prevented the practical 
implementation of either approach, and workable solutions have been sought H«^"cch 

S^LJi| e .f°^ e ' 8 d *f Cribed in JP " A 305025/1 9 96 represent an attempt to resolve the foregoing prob.ems, but 
charactenst.es of the production process render difficult the design of substrtuent ratios for acid labile groups and 

SI ?k! UPS *? 8dditi0nal Shortcomin 9 is lhat the Potion of these compounds results in the incidental 
formation of the crosslinking groups mentioned in JP-A 253534/1996. That is. in the design of resist compositions 

8 PO ra S, a IZ Van0 ' JS , al !^ i diSS !!i ,t !° n ra,6S ar9 feqUired ' d9pending on ,hs and <* photoacid genl 

erators and additives selected. ,n addition to which the production of these polymers must be a reproducible process 

se^SlZTZ , methods deSCribSd h thS abOVC Pri ° r - art references are sub i ect to inne ™* 'Nations in the 
selection of acid labile groups and crosslinking groups, and in their substrtuent ratios 

[0009] The aim herein is to provide new and useful styrene polymers usable in the base resin of chemically-amplified 
resist compositions, methods of making and using such polymers and compositions and the compositions themselves 
A preferred aim is to be able to formulate chemically amplified positive working resist composition which is superior to 
prior-art resisls in any one, more or all of sensitivity, resolution, exposure latitude, process flexibility and reproducibility 
and which forms a resist pattern having good plasma etching resistance and good thermal stability. 
[0010] We have found that a novel polymer bearing at least one type of acid labile group, modified at terminals and 
optionally crosslmked within a molecule and/or between molecules wrth a crosslinking group having a C-O-C linkaqe 
can be produced by a method to be described later and is useful as a base resin. By blending this novel polymer as a 
base resin with a photoacid generator and optionally, a dissolution regulator and a basic compound, there is obtained 
a chemically amplified positive resist composition which is good in that the dissolution contrast of a resist film is high 
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especially a dissolution rate after exposure is increased. By further blending an aromatic compound having a group 
sC-COOH in a molecule, one may obtain a chemically amplified positive resist composition which is improved in that 
the resist is improved in PED stability and edge roughness on a nitride film substrate is improved. By further blending 
an acetylene alcohol derivative, the composition may be improved in coating and storage stability, form resists having 
high resolution, improved latitude of exposure, and improved process flexibility, and be well suited for practical use 
and advantageously used in precise microfabrication, especially in VLSI manufacture. 

[001 1] In a first aspect, the invention provides a styrene polymer represented by the following general formula (1 ). 
terminated with P, and having a weight average molecular weight of 1 ,000 to 500,000. 
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Herein, R is hydroxyl or OR 3 groups, at least one of R groups being hydroxyl, R 1 is hydrogen or methyl, R 2 is a normal, 
branched or cyclic alkyl group of 1 to 30 carbon atoms, R 3 is an acid labile group, letter x is 0 or a positive integer, y 
is a positive integer, satisfying x+y =i 5, k is 0 or a positive integer, m is 0 or a positive integer, n is a positive integer 
satisfying k+m+n ^ 5, p and q are positive numbers satisfying 0 < q ^ 0.8 and p+q = 1. with the proviso that the R 3 
groups may be the same or different when n is at least 2, A is such a number that the polymer may have a weight 
average molecular weight o1 1 ,000 to 500,000, P is hydrogen, normal, branched or cyclic alkyl or alkenyl groups of 1 
to 30 carbon atoms, aromatic hydrocarbon groups of 6 to 50 carbon atoms, carboxyl, hydroxyl, or groups of the following 
genera! formula (2), (3) or (4), all the terminal groups are not hydrogen at the same time, 
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wherein R4 is (r+1)-valence aliphatic hydrocarbon groups or alicyclic saturated hydrocarbon groups of 1 to 30 carbon 
atoms or aromatic hydrocarbon groups of 6 to 50 carbon atoms, R* is normal, branched or cyclic alkyl groups of 1 to 
30 carbon atoms, aromatic hydrocarbon groups of 6 to 50 carbon atoms, alkoxy groups of 1 to 30 carbon atoms, or 
hydroxyl, RS* is normal, branched or cyclic alkyl groups of 1 to 30 carbon atoms or aromatic hydrocarbon groups of 6 
to 50 carbon atoms, letter h is 0 or 1 , and letter r is a positive integer of 1 to 3. 

[001 2] The polymer of formula (1 ) may be crosslinked within a molecule and/or between molecules with a crosslmking 
group having a C-O-C linkage resulting from reaction of at least one of the phenolic hydroxyl groups represented by 
R in formula (1 ) the hydroxyl groups represented by R 5 in formula (2). and the hydroxyl groups in formula (3) with an 
alkenyl ether compound or halogenated alkyl ether compound, and the amount of the acid labile group and the crosslmk- 
ing group combined is on the average from more than Omol% to 80mol% of the entirety of hydrogen atoms in the 
phenolic hydroxyl groups in formula (1 ), the hydroxyl groups represented by R* in formula (2), and the hydroxyl groups 
in formula (3). 

[001 3] In one preferred embodiment, the polymer is represented by the following general formula (5): 
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wherein R is hydroxy I or OR 3 groups, at least one of the R groups being hydroxy!, R 1 is hydrogen or methyl, R 2 is a 
normal, branched or cyclic alkyl group of 1 to 30 carbon atoms, R 3 is an acid labile group, R 9 and R 10 are hydrogen 
or normal, branched or cyclic alkyl groups of 1 to 8 carbon atoms, R 11 is a monovalent hydrocarbon group of 1 to 18 
carbon atoms which may have a hetero atom, or R 9 and R 10 , R 9 and R 11 , and R 10 and R 11 , taken together, may form 
a ring, and each of R 9 , R 10 and R 11 is a normal or branched alkylene group of 1 to 18 carbon atoms when they form 
a ring, R 12 is a tertiary alkyl group of 4 to 20 carbon atoms, a trialkylsilyl group whose alkyl groups each have 1 to 6 
carbon atoms, an oxoalkyl group of 4 to 20 carbon atoms, or a group represented by -CFFR 1 °OR 1 1 , letter a is an integer 
of 0 to 6, pi and p2 are positive numbers, ql and q2 are 0 or positive numbers, satisfying 0 < p1/(p1+q1+p2+q2) < 
0.8, 0 s= q1/(p1+q1+p2+q2) ^ 0.8, 0 ^ q2/(p1+q1 +p2+q2) < 0.8, and p1+q1+p2+q2 = 1, q1 and q2 are not equal to 
0 at the same time, x, y, k, m, n, A, and P are as defined above. In this embodiment, a hydrogen atom may be eliminated 
from at least one of the phenolic hydroxyl groups represented by R in formula (5), the hydroxy! groups represented by 
R s in formula (2), and the hydroxyl groups in formula (3) to leave an oxygen atom which is crosslinked with a crosslinking 
group having a C-O-C linkage of the following general formula (6a) or (6b) within a molecule and/or between molecules, 
and the amount of the acid labile group and the crosslinking group combined is on the average from more than 0mol% 
to B0mol% of the entirety of hydrogen atoms in the phenolic hydroxyl groups represented by R in formula (5), the 
hydroxyl groups represented by R s in formula (2), and the hydroxyl groups in formula (3), 
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wherein R 6 and R 7 each are hydrogen or a normal, branched or cyclic alkyl group of 1 to 8 carbon atoms, or R 6 and 
R 7 , taken together, may form a ring, with the proviso that each of R 6 and R 7 is a normal or branched alkylene group 
of 1 to 8 carbon atoms when they form a ring, R 8 is a normal, branched or cyclic alkylene group of 1 to 10 carbon 
atoms, letter d is 0 or an integer of 1 to 10, A is a c-valent aliphatic or aiicyclic saturated hydrocarbon group, aromatic 
hydrocarbon group or heterocyclic group of 1 to 50 carbon atoms, which may have an intervening hetero atom and in 
which the hydrogen atom attached to a carbon atom may be partially replaced by a hydroxyl group, carboxyl group, 
acyl group or halogen atom, B is -CO-O-, -IMHCO-O- or -NHCONH-, letter c is an integer of 2 to 8, and c' is an integer 
of 1 to 7. 

[001 41 More preferably, in formula (1 ) or (5), R 3 is at least one member selected from the group consisting of a group 
of the following general formula (7) or (8) : a tertiary alkyl group of 4 to 20 carbon atoms, a trialkylsilyl group whose 
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alky, groups each have 1 to 6 carbon atoms, and an oxoa.ky. group of 4 to 20 carbon atoms, 
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-C-O-R" 



R- (7) 



-(CH&-C-0-R" (8) 

™o n r a ^^^^ 

•nd B". and Ri« and R" taken toaethor ■ atoms »*>ion may have a hetero exam, ot R8 and Rte RS 
«yta» 9»ep o, , to ,S ekSTaS ."S,^^ alee,"" ' " 
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of 1 to 6 carbon atoms when they form a ring Ffi 7s a noS b™,^ , ^ ° f branched alk y ,ene orou P 
atoms, tetter d is 0 or an integer of 1 to 5 A? fallen, ™f k t !' CyC " C a,ky ' ene 9rOU P of 1 to 10 c-*on 
group o, 1 to 20 carbon atoms or an aryia^ ^^IT^^^S ' ^ °' 

alomandinvvhichthehydrogenatomat4hedioacamo^at^m a vh "»* have an intervening hetero 

group, acyi group or halogen atom. B f-Coi .UH(SSZ nS ,^ ^^^'^'^ 
an integer of 1 to 3. ' NHW> °- -NHCONH-, letter c" is an integer of 2 to 4. and c" is 

[0016, ,n a second aspect, the invents provides a chemicaify emptied pos^e resist composition comprising 



(A) an organic solvent, 

(B) a base resin in the form of the above^iescribed polymer 

(C) a photoacid generator. 



being replaced by acid labile groups o at elstoni' l^l Jl * a, ° mS * Phen °' ic 9 rou P s the ™ 

said potymer having a weightlve^ge moSulaT^S S^SS^ST""' * ^ * * 1,16 «*■* 
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Herein * R* R 9 R'°. and R" are as defined above. «* U an ac« abi e 

2? areO £ numbers, g is a poslthre number. - Jf*^^ bTeenL.eou.es with crossing 

To 9 The poVer of formate (9) may be ^'"^J^J^^roup, therein with an a.keny. ether corn- 
groups having C-O-C .inkages resu.Ung from ^^SSSCi» gU and the crossing group com- 

groups in formula (9) wherein e = 0. f = 0 and g - 1. components: (E) a dissolution regu- 

5«,i g Like aide «M, «. OW « **. "2^SS ^SmL» M =^»in 9 . which «0-*«~ " 

[00221 MowiaitWIY. "< h8 ™" a *'^^ , „Sk/.h.. booms. Ihe .IMrrata- Mrafcn pr°c..d. .n 
S# L» on .Id.**.. . T«p pn» *» « "^^£^p^,^.«no«»dr«^» 

««h Ihe lapse ol lime bet-e«i .«P°*.r. end he.1 J»*™™ "^eaible eontent. b« the lesells in . 
efco" .MgNir eebs.«ut«J polymer muo be ^ B **^^J^ wfc ~,, rw ofi .id. chains «,..ptol«l«l 



6 



EP 0 908 473 A1 



protected with an acid labile group, unexposed areasTa rel, fi " 9 9 P aV '" 9 80 aCid labile C<>c ""kage and 
mo.ecu.ar weigh, and so.ubMy to ^^e^^lZ^^T^ ^ to we, ° nt a ^9° 
.s restored ,o me weightaveragemolecularweighToTain^uih? 9 6,390 molecula ' weigh, of exposed areas 
and acid .abile groups. ,hrough cleavage **^nM^^T£"l P ™* *• pr ° ,ecfon linking 
Then the rate of alkali dissolution in L exposed ar^as i ,k h ° rthrou 9 h Nation oxacid labile group 
areas resuming in an increased disso.ut.o3S IT. cZS ST"", 95 ° 0m "- d « ih ,he Unex ^ 
he polymer is crosslinked a, terminals. ,he dissolution rite or ove^xn'S 0 " iS Especia,| y ^en 

roo^ Se l alkali diSS ° ,U,i0n ra,e COntrast be,ore ^fter ex^ure ^ * ' nCraaSed ' ,eadino to a ,urth °' 

are retired 

requ.red ,o prepare such polymers in a reproducing™ Cuf J * 9enSrat ° r a " d addi,ive " is al *° 

art and increases the dissolution contrast oYa re^Z TTr^ 9 ^ '° W heat resis,anc * found in the prior 
compose has high sensitivity, high resell* SS.^ SE- 1 " ? 6mica '* Positive re'sist 

^ of compose, and offers improved process ac^pSiJ ^Z?^™*™ * * Pattem l ° bS COntro,ted " terms 

DETAILED DESCRIPTION 
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Polymer 



crosslinked within a molecule and/or betweT , moT^uTs w! Ta^Tt™*' ^ °' , ' 000 to S00 ' 000 - » 
[0029] The styrene polymerofthe invention ^^^n^T^- 9 ^ haVi " 9 3 ^ linkfl 9 e 
P. That is, the polymer fe represented SS S S^"£SSS? ^"^'a ™ - d is 



one type 
maybe 
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[0030] In me formulas. R is hydroxyl or OR3 



(1) 



groups, a, leas, one of R groups being hydroxyl, Ri is hydrogen 



or 
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L« B a weiaht average molecular weight of 1 • w J° 50U ' ( r~: „ rouos of 6 to 50 carbon atoms, carboxyl. hydroxyl. or 

groups of the lollowing general lormula (4, w i h 
same time. 
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-(R') B -(C-R S )r (2) 



-R 4 <OH) r 
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e.rbor. «lorr». or .roma.ic Bydroofton .roup. ol 6 » • . w group, on » 30 rarbor, . 

nyoroxyi yi^ K Uv ,^w/i Ri is hvdroqen or methyl. 

ore erably 1 to 8 carbon atoms. Examples of the normal MM o . r ^ x js 0 or a p0S rt,ve 

n-butyl/.sobutyl, tart-butyl, cyclohexyl and ^ 

S^SSSSsssssss: ass 
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lene s and trivalent and tetravalent groups obtained by further eliminating one or two hydrogen atoms from the foreqoina 
groups. v * y 

[0037] Examples of the (r+1)-valence aromatic hydrocarbon groups represented by R* include phenylene ben- 
zylene, tert-butylbenzylene, diphenylene. triphenylene, naphthylene, anthranylene, 1,2,3-tripentylbenzylene hexap- 
entylbenzylene, and trivalent and tetravalent groups obtained by further eliminating one or two hydrogen atoms from 
the foregoing groups. 

[0038] Examples of the normal, branched or cyclic alkyl groups and aromatic hydrocarbon groups represented by 
are ^ e same as described above. Examples of the alkoxy groups represented by R* include methoxy, ethoxy, 
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butbxy, pentyloxy, hexyloxy, octyloxy, nonanyloxy decyloxy' 
undecyloxy, dodecyloxy, tridecyloxy, pentadecyloxy. heptadecyloxy, nonadecyloxy, docosanyloxy, heptacosanyloxy 
2.2-dimethylbutoxy, 2,3-dimethylbutoxy, 2.2,3-trimethylbutoxy, hexarnethylethoxy, cyclohexyloxy, decahydronaphthyl- 
oxy, dicyclohexyloxy, norbornyloxy, norpinyloxy, adamantyloxy. 1.3-dimethyladamantyloxy. and cyclopentyloxy 
[0039] The acid labile group represented by may be selected from a variety of acid labile groups, preferably from 
groups of the following formulas (7) and (8), tert-aikyl groups of 4 to 20 carbon atoms, trialkylsilyl groups whose alkyl 
groups each have 1 to 6 carbon atoms, and oxoalkyl groups of 4 to 20 carbon atoms. 

R 9 

-C-O-R 11 

I (7) 

R 10 



O 

^CH^C-O-R' 2 

(8) 

[0040] In formulas (7) and (8), and R"> each are hydrogen or a normal, branched or cyclic alkyl group having 1 
to 8 carbon atoms, preferably 1 to 6 carbon atoms, more preferably 1 to 5 carbon atoms. is a monovalent hydro- 
carbon group of 1 to 18 carbon atoms, preferably 1 to 10 carbon atoms, more preferably 1 to 8 carbon atoms which 
may have a hetero atom such as oxygen. Alternatively, R9 and Rio, R 9 and R n or R io ^ R ii f teken togetnQr ma 
form a nng, with the proviso that R 9 , R™ and R« each are a normal or branched alkylene group having 1 to 1 8 carbon 
atoms, preferably 1 to 10 carbon atoms, more preferably 1 to 8 carbon atoms, when they form a ring R12 is a tertiary 
alkyl group having 4 to 20 carbon atoms, preferably 4 to 15 carbon atoms, more preferably 4 to 10 carbon atoms a 
trialkylsilyl group whose alkyl groups each have 1 to 6 carbon atoms, an oxoalkyl group of 4 to 20 carbon atoms 
preferably 4 to 1 5 carbon atoms, more preferably 4 to 1 0 carbon atoms, or a group of formula (6). Letter a is an integer 
of 0 to 6. 

[0041] Examples of the normal, branched or cyclic alkyl group of 11o 8 carbon atoms represented by FP and R™ 
are as described for R 2 . 

[0042] Examples of the hydrocarbon group represented by RH include normal, branched or cyclic alkyl groups 
substituted or unsubstituted aryl groups such as phenyl, p-methylphenyl, p-ethylphenyl, and alkoxyphenyl groups (e' 
g., p-methoxyphenyl), and aralkyl groups such as benzyl and phenethyl. as well as modified ones of these groups for 
example, alkyl groups in which an oxygen atom intervenes, the hydrogen atom attached to a carbon atom is replaced 
by a hydroxyl group, or two hydrogen atoms are replaced by an oxygen atom to form a carbonyl group as shown below 



-(CH 2 ) 4 OH 
-(CH 2 ) 2 0(CH 2 ) 3 CH 3 



- cit O 



CHiOH 
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-(CH 2 ) 2 0(CH 2 ) 2 OH 

-(CH 2 ) 6 OH 



-CHj 




[00431 Examples of the tertiary alkyl group represented by R« include tert-butyl, 1 ^ethylcyclohexyl. 2-(2-methyl)- 

fo^^xTmpTelTrS^ group represented by R« inc.ude those wherein alky, moieties each have 1 to 6 
SSS at™ S. as^mSsi ly ;.liethV!yl and dimethyl-tert-butylsily, groups. Examp.es o, the oxoalky. group 
represented by R 12 include 3-oxocyclohexyl and groups of the following formulas. 

<y ■ H,C>0 

1-ethoxy-n-propyl. 1 -cyclohexyloxyethyl^ ^^J^^ 
-mloxyXmethylethyl, and 1 -ethoxy-1 -methylethyl; and cyclic acetal groups such as 4etrahydrof uranyl « 
dropyraZ with the ethoxyethy., butoxyethy. and ethoxypropyl groups being preferred. Examp 
arouo of formula (8) include tert-butoxycarbonyl, tert-butoxycarbonylmethyl, tert-amyloxycarbonyl tert-amy loxycarbo 
5SS5?^^ 2 -tetrahydro P yranyloxycarbonylme,hyl. and 2-tetrahydrofuranyloxycarbo- 

molecules with cross.inking groups having C-O-C Hnkages resulting from reaction * "T™™ KSSl 
droxvl qroups represented by R in formula (1), the hydroxyl groups represented by R* in formula (2), and m 
SS* O) with an alkenyl ether compound or hatogenated alky, ether compound to be descnbed la^ The 
amount of the acid labile groups and the crosslinkmg groups combined ,s on he average ™ ^™£ra- 
80mol% of the entirety of hydrogen atoms in the phenolic hydroxyl groups ,n formula (1). the hydroxyl groups repre 
sented bv R 6 in formula (2), and the hydroxyl groups in formula (3). .... , (nrm , 

The crossing group having a C-O-C linkage is exemplified by groups of the followng general formufcs 

(6a) and (6b), preferably formulas (6a 1 ) and (6b"). 

R« R 6 
-(f-iO-R% O-A [-0-(R"-0)<,-CHr- ( 6a} 

R r R' 



R e R* 
-C-0-R 4 -B-A [-B-R 8 -0-CHr- 
R 7 R T 



(6b) 
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[0048] Herein. R 6 and R 7 each are hydrogen or a normal, branched or cyclic alkyl group of 1 to B carbon atoms, or 
R 6 and R 7 , taken together, may form a ring, with the proviso that each of R 6 and R 7 is a normal or branched alkylene 
group of 1 to 8 carbon atoms when they form a ring. R 8 is a normal, branched or cyclic alkylene group of 1 to 1 0 carbon 
atoms. Letter d is 0 or an integer of 1 to 10. A is a c^valent aliphatic or alicyclic saturated hydrocarbon group, aromatic 
hydrocarbon group or heterocyclic group of 1 to 50 carbon atoms, which may have an intervening hetero atom and in 
which the hydrogen atom attached to a carbon atom may be partially replaced by a hydroxyl group, carboxyl group, 
acyl group or halogen atom. B is -CO-O-, -NHCO-O- or -NHCONH-. Letter c is an integer of 2 to 8, and c' is an integer 



[0049] Herein, R 6 and R 7 each are hydrogen or a normal, branched or cyclic alkyl group of 1 to 8 carbon atoms, or 
R 6 and R 7 , taken together, may form a ring, with the proviso that each of R 6 and R 7 is a normal or branched alkylene 
group of 1 to 8 carbon atoms when they form a ring. R 8 is a normal, branched or cyclic alkylene group of 1 to 10 carbon 
atoms, Letter d is 0 or an integer of 1 to 5. A is a c"-valent normal, branched or cyclic alkylene, alkyltriyl or alkyltetrayl 
group of 1 to 20 carbon atoms or an arylene group of 6 to 30 carbon atoms, which may have an intervening hetero 
atom and in which the hydrogen atom attached to a carbon atom may be partially replaced by a hydroxyl group, carboxyl 
group, acyl group or halogen atom such as fluorine atom. B is -COO, -NHCO-O- or -NHCONH-. Letter c m is an integer 
of 2 to 4, and c" is an integer of 1 to 3. 

[0050] The normal, branched or cyclic alkyl groups of 1 to 8 carbon atoms are as exemplified above. Examples of 
the group represented by A are described later. These crosslinking groups of formulas (6a) and (6b) originate from 
alkenyl ether compounds and halogenated alkyl ether compounds to be described later. 

[0051] As understood from the value of c* in formula (6a) or (6b), the crosslinking group is not limited to a divalent 
one and trivalent to octavalent groups are acceptable. For example, the divalent crosslinking group is exemplified by 
groups of the following formulas (6a") and (6b') and the trivalent crosslinking group is exemplified by groups of the 
following formulas (6a"') and (6b"'). 



of 1 to 7. 




(6a') 




(6b') 





(6b w ) 
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-C-(0-R 6 )„-0-A-0-(R 6 -0).-C- ( 6a" ' ) 

l I I 

r t OR* R T 

i I 
(R 4 -0),,-C- 

R 7 



R s R s 
-C-O-R'-B-A-B-R'-O-C- 



I 

R 7 



f T 

R'-O-C- 
R 7 



I 

R T 



(6b-') 



r0052] More specifically, the polymer according to the invention is a polymer of the following general formula (5 
having recurring units of the following general formula (5-i) and terminated with P, especially a crosshnked polymer of 
the following general formula (5) having recurring units of the following general formula (5-i) and terminated with R 
which polymer is crosslinked within a molecule and/or between molecules through the mechan.sm thathydrogen atoms 
are eliminated from phenolic hydroxyl groups represented by R and/or the hydroxyl groups represented by RS .n formula 
(2) and/or the hydroxyl groups in formula (3) to leave oxygen atoms which are connected by a crosslmtang group hav.ng 
a C-O-C linkage of the general formula (6a) or (6b). 




R' 

— (chA* 



R 1 
I 

•<CH,Ck5 (CH,Cte— 

•<J-<o»- "HQ 



O 

(cm. 

c=o 

1 OR" ' 



(5-1) 
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P-f— (CH,Cfe (CH,^ 



' 0-R"J. 




(5) 

[0054] Illustrative examples and preferred ranges tor RR'loRS R9| 0 R12 , » k m n = „^ D1 . 

as those mentioned above. ,rtlofl . x. y, k, m, n. a, and P here are the same 

fSS^Tios"? ' 2 oi a /7\ P °? ^ nUmberS q1 and q2 are 0 or P° sitive satisfying 0 < pV 

0 < p1/(p1+q1+p2+q2) < 0.4, 
especially 0.002 < p1/(pl4q1+p2+q2) < 0.2 



0 s q1/(p1+q1+p2+q2) ^ 0.6, 
especially 0 < q1/(p1+ql +p2+q2) < 0.4 



45 



0 =g q2/(p1+q1+p2+q2) ^ 0.6, 
especially 0 < q2/(pl4ql +P 2+q2) < 0.4 



so 



0.4 ^ p2/(p1+q1 +P 2+q2) < 1, 
especially 0.5 < p2/(pl+qi +P 2+q2) ^ 0.9 



55 



0 < (q1+q2)/(p1+q1+p2+q2) ^ 0.6, 
especially 0.1 < (ql +q2)/(p 1 +ql +p2+q2) s 0.4 
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POST, A.sointhispotymeuhearnoum^ 

average from more than Omol% and the hydroxyl groups in formula (3) 

1) to (5'-7) and terminated with P. 



10 



15 



20 



25 




-u,- -u,- 



(5'-l) 



(CHzCfer U,- -U a - -U,- 

R 1 



30 R l 




(5'-2) 



50 
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I 
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a 

! 



I 




45 
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[0059] In the 



abovefornnulas.hisequ^ 
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U 3 : 




(0H) r 



[0060] Also herein, P is hydrogen, normal, branched or cyclic alkyl or alkenyl groups of 1 to 30 carbon atoms, aromatic 
hydrocarbon groups of 6 to 50 carbon atoms, carboxyl, hydroxy!, or groups of general formula (2), (3) or (4) and all 
the end groups P are not hydrogen at the same time. Q is a crosslinking group having a CO-C linkage typically a 
crosslinking group of formula (6a) or (6b) above, especially a crosslinking group of formula (6a-), (6b-) (6a 1 ') or (6b") 
In cases where the crosslinking group has a valence of 3 or more, Q in above formula (5) is attached io three or more 
of the following units. 




[0061 ] It is noted that formulas (5'-2) and (5'-5) show an intramolecular linkage and the remaining formulas show an 
intermolecular linkage. They may be present alone or in admixture. 

[0062] In the crosslinked embodiment of the present invention, the polymer is crosslinked within a molecule and/or 
between molecules with a crosslinking group having a CO-C linkage resulting from reaction of some of the phenolic 
hydroxyl groups therein and/or the hydroxy! groups represented by RS in formula (2) and/or the hydroxyl groups in 
formula (3) with an alkenyl ether compound or halogenated alkyl ether compound. It is preferred herein that the amount 
of the acid labile groups and the crosslinking groups combined be on the average from more than Omol% to 80mol% 
especially 2 to 50mol%, of the entirety of hydrogen atoms in the phenolic hydroxyl groups in formula (1) and/or the 
hydroxyl groups represented by R« in formula (2) and/or the hydroxyl groups in formula (3). 

[0063] In this regard, the average proportion of the crosslinking group having a CO-C linkage is from more than 
Omol% to 80mol%, especially from 0.2 to 20mol% of the entirety of hydrogen atoms in the hydroxyl groups With 
Omol%, no benefits of the crosslinking group are obtained, resulting in a reduced contrast of alkali dissolution rate and 
low resolution. With more than 80mol%, a too much crosslinked polymer will gel, become insoluble in alkali, induce a 
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film thickness change, internal stresses or bubbles upon alkali development, and lose adhesion to the substrate due 

loS "Ce'SgTpiportion o, the acid labile group is from more than Omo.% to 80mo.%, especially from 10 to 
SSft JSTSS - h^rogen atoms in the hydroxy, groups. With Omo.%, no .^^^J^S^S 
obtained, resulting in a reduced contrast of alkali dissolution rate and low resolution. Wrth mm than BOmol *, alkal, 
solubility will be lost and the affinity to an alkaline developer becomes low, resulting m tow resolution. 
Sq £ property se.ecting tne amounts of the crosslinking group having a CO-C ^ ^ W 
wlttn the above^Jefined ranges, the size and configuration of a resist pattern can be controlled as des.redjn the 
polyme acSafngto the invention, the contents of the crosslinking group having a CO-C iinkage and the acid W. 
group hate substantial influence on the dissolution rate contrast of a resist film and govern the propert.es of a resist 
composition relating to the size and configuration of a resist pattern. nreferablv 
[00«*1 The polymer of the invention should have a weight average molecular we.ght of 1 ,000 to 500.000 P™™** 
3 000 to 50 000 With a weight average molecular weight of less than 1,000. resists wou Id be less resistant to heat 
With a weight average molecular weight of more than 500,000, alkali solubility and resolution lowers. 
^067] t is undersLd that prior to crosslinking. a polymer having a wide molecular weight dspersty <^n> ~n- 
alns more polymers of low mo.ecu.ar weight and high molecular weight. Such a wide d,spers,ty obstructs the design 
SThenumber of crosslinks and it is rather difficult to produce resist ^'ff^Z^^Za^^ 
of a molecular weight and its dispersity becomes greater as the pattern rule becomes finer. In order that a resist matenal 
taSS used in patterning features to a finer size, the polymer should preferably be a 
hav!ng a molecular weight dispersity of 1 .0 to 1 .5, especially 1 .0 to 1 .3. However, the invention ,s not l.mrted thereto, 
and it is. of course, acceptable to use a polymer having a dispersity of more than 1 .5. 
rnosai Next the method for preparing the polymer of the invention is described. 

5 SfoSlSS polymer according to the preferred embodiment of the invention may be prepared .nvanous 
ways for example, by a method of introducing acid labile groups of formula (7) into P^oHc hydroxy! 9^ of a 
1L, having recurring units of formula (1-i), isolating the po*mer. and reacting it wrth an alkenyl ether compound 
o;hlgenated^.M ether compound hereby the po^eriscrossU 

with a crosslinking group having a C-O-C linkage; a method of reacting the starting polymer wrth an alkenyl ether 
Compound or halcjenated a.kyl e'ther compound whereby the pofymer is ciosslinked wimm a ^M^Mm 
molecules with acTosslinking group having a C-O-C linkage, isolating the pofymer, and 'ntroducing ^^egroups 
of formula (7) therein; or a method of carrying out reaction wrth an alkenyl ether compound or halogenated alky I ether 
compound and introduction of acid labi.e groups of formula (7) together. ^XT^^lZ 
preferred It is possible to further introduce into the thus obtained polymer ac.d labile groups of formula (8), tert^lkyl, 

branched or cyclic aikyl or alkenyl groups of 1 to 30 carbon atoms, aromatic hydrocarbon groups of 6 to 50 carbon 
a ™ ^ «rbow7 hyd^xyl, or groups of formula (2), (3) or (4), synthesis is carried out while changing conventional 
s oppers ustS E g an ion pofymerfcation into various specific stoppers. For example, when the termjnate .of a pd- 
ymer a'e hydrogen afoms, wate? or alcohols may be used as the stopper. When the terminate are norm* branched 
Tcyclicalkyl or alkenyl groups of 1 to 30 carbon atoms, alkyl halides such as methyl iod.de, ethyl brom de andbu tyl 
b S mav be used as the stopper. When the terminals are aromatic hydrocarbon groups, halogenated aromatic 
h^aZ%r P Tsu" as ^robenzene, chlorobenzyl, 4-naphtha.ene bromide, ^ to <° b *£^*^ e 
cene^omide may be used as the stopper. When the terminals of a polymer are carboxyl groups,^ ^'oon.c ac. I or the 
fite may^e us^ as the stopper. In Z case of hydroxy, groups, a combination of trimethoxyboron and hydrogen 

SSS" Zen'the'telinais o. a pofymer are groups of formula (2), the stopper is se.ected horn, for example ^jjhjj. 

SbonylcMo^ 
chSfadarnantanec^ 

methyl chloride, methoxycarbonylethyl chloride, tert-butoxycarbonylmethyl chlor.de. bMo ^ i ca ^ w / b ^^°^ 

carbonylnexyl chloride, cyclohexanecarbonylmethyl chloride, and benzyloxycarbonyl chlo ride^ 
r00721 When the terminals of a polymer are groups of formula (3), the stopper is selected from, for example ethylene 
Spropjlene oxide, styrene Jxide. chloromethyMnylether, ^^^T^^^SS^S 
ethyl ketone, cyclohexanone, pentanone, 3-acetylnoradamantane. formaldehyde, acetaldehyde, tnmethylaldehyde, 

ZZ ^ZTrlTrtZ^ are groups o, formula (4). the stopper Is selected from, for example^ chlo- 
romeiy.rethy! e'her. 2-bromoethy. methyl ether, chloromethy. octy, ether, chloromethy. cyclohexy. ether, and ch.o- 

55?" .nTet^ses, the amount of the stopper added is preferably at least equimoiar to the initiator. 
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[0075] Now. the methods of preparing the crosslinked polymers of the invention are described. Included are a first 
method using a polymer comprising recurring units of formula (1 ') and terminated with R an alkenyl ether compound 
of formula (I) or (II), and a compound of formula (7a) and a second method using a polymer comprising recurring units 
of formula (V) and terminated with R a halogenated alkyl ether compound of formula (VI) or (VII), and a compound of 
formula (7b). 



First method 
[0076] 



R 1 
I 

75 tCHgC )pTTgZS5TSq2 




(!•) 
(OH), 



R 7 R* 

25 A-f0-(R 8 -O)rC=CH] c 

(I) 



30 R 7 R < 

I I 



A-eB-R?-0-C-CH) e 



R I0 

R 9 *-CH=C-OR 11 (7a) 



[0077] Here, R\ R*. rb, r» x , y, p1 , p2, q1 , and q2 are as defined above, and p1 +p2+q1 +q2 = 1 . R 5 and R 6 are as 
defined above, R 9a and R Sa each are hydrogen or a normal, branched or cyclic alkyl group of 1 to 7 carbon atoms. 
[0078] In formula (I) or (II) representing the vinyl ether compound, A is a c-valent aliphatic saturated hydrocarbon, 
alicyclic saturated hydrocarbon, aromatic hydrocarbon or heterocyclic group having 1 to 50 carbon atoms, which may 
contain an intervening hetero atom, and in which some of the hydrogen atoms attached to the carbon atoms may be 
substituted with hydroxyl, carboxyl, acyl, or fluorine. B is -COO-, -NHCO-O- or -NHCONH-. Letter c is an integer of 2 
to 8, and d is 0 or an integer of 1 to 10. 

[0079] The c-valent (divalent to octavalent) hydrocarbon groups represented by A include hydrocarbon groups, for 
example, substituted or unsubstituted alkylene groups having 1 to 50 carbon atoms, especially 1 to 40 carbon atoms, 
substituted or unsubstituted arylene groups having 6 to 50 carbon atoms, especially 6 to 40 carbon atoms, a combi- 
nation of an alkylene group and an arylene group, and c'-valent groups obtained by eliminating one hydrogen atom 
attached to a carbon atom from the foregoing groups wherein c* is an integer of 3 to 8; and c^valent heterocyclic groups, 
and a combination of such a heterocyclic group with any one of the foregoing hydrocarbon groups. In the alkylene and 
arylene groups, a hetero atom such as O, NH, N(CH 3 ), S and S0 2 may intervene and where substituted, the substituent 
is a hydroxyl, carboxyl, acyl group or fluorine atom. 
[0080] Illustrative examples of A are given below 
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-CftCH,- , -(CPU,- . -CH-CHz- . -CCHJ 4 - . 

CH, 



-CH,-CH- . -CHCHXH,- . -(CH0«- 



CH, CH,- CH t - 

-CHj-C-CH,- . OiCHj-C-CHj- . CHj-C-CH,- . 
* CH, CH,- CHt- 



-(CHO, 



-(CHjCHzOh-CHjCH,- . -(CH,CH^s=nrCH,-CH,- . 



-(cm.-fo-fCH,).^ . 

-CH 2 -CH 2 -0-CH 2 -CH 2 - . -CH 2 -CH 2 -0-CH 2 -CH 2 -0-CH 2 -CH 2 - 



-CH,-CH«-0-CH,-CH»- . -CH.-CHj-O-CHj-CHi-O-CH.-CH,- 
-CH-CIi-O-CH-CH,- . -CH-CH,-0-CH-CH,-0-CH-CH 1 - . 



-CH-CH,-0-CH-CH,- . -CH- 
CH, CH, CH, 



CH,OH CHtOH CH,- 

-CH,-C-CH,- , -CH.-C-CH,- . -CH.-C-CH,- 
CH.OH CH,- CH,- 



22 



EP 0 908 473 A1 



OHH OH OH OHH f OH 

-CH,-C-C-C-C-CH,- . -CH.-C-C-C-C-CH,- 
H OHH H H ' H H 



H OH 
I I I l 

-CHz-c-c-c-c-ca- . 

H H H 




-p-. -9- 

H CH, 




H 




H 



CF, 
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CH, 



CH, 

C21,CHCHCH,-f^ 
CH, ^ 



H.C CH, 




H.C CH, 



CH, CH, 





CH, 



CH, CH, 



[M .„ a ™»« «.* - «. — *- -v nn^JlrSS SS2.'2S22S 



24 



EP 0 908 473 A1 



with a halogenated alkyl vinyl ether. 

[0082] Illustrative, non-limiting examples of compounds having formula (I) include ethylene glycol divinyl ether tri- 
ethylene glycol I drvny. ether. 1 .2-propanedio. diviny. ether, 1 .propanediol divinyl ether. 1.3-buLedbTSny. ler 

nvlt^Mrtifhrf f e, f a 7 e, h hylene ^ *** ethe * ne W *** ether. Mm^SXX 
ny ether, tnmethylolethane tnwnyl ether, hexanediol divinyl either. 1 .4<yclohexanediol divinyl ether. I.VXinytoxyme- 
thyl cyclohexane, tetraethylene glycol divinyl ethe, pentaerythritol divinyl ether, pentaerythritol trMnyl eZ"oeXer 
yttrrto. tetany, ether, sorbitol tetraviny. ether, sorbitol pentaviny. ether, ethylene gly^thylerviny ^ emer trieth 
ylene glycol Methylene vinyl ethe, ethylene glycol dipropy.ene vinyl ether, Methylene glycol Td^ylene viny ether 
tnmethylolpropane Methylene vinyl ether, trimethylolpropane diethylene vinyl ether. penLrythritoi ^ene Thyl 
nSoT^jES T ethy ' ene ** ether ' Pen,aerythri, ° l methylene vinyl ether, and compounds of 1« 



CH s =CH-OCH t CH J 0-^^-OCH,CHeO-CH=CH t 



(I -1) 



CHi-CH-OCHjCH^ PC^CHjO-CH-CH, 

(1-2) 




CHj=CH-OCH 2 CH z O v _ 

(1-3) 



b-<> 



CH^HiO-CH-CH, 



CH.-CH-OC^hQhQ- och iC h,o-ch=ch, ( , - 4) 



CH J =CH-OCH I CH J 0-f[yoCH i CH J 0-CH=CH J 

^ (1-5) 




CH.-CH-OOfcCH.O Jg^ocaCH.O-CH-CH, 
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CH l =CH-OCH i CH J o4^jL OCHiCHj0 _ CH=CHj 



CI - 7) 



CH^CH-OC&CHzO-k^oCH^IkO-CI^CH, (1-8) 

10 | 

CH, 



15 OCH^O-CH-CH* 

C^CH-OCHjCHtO-^3 (1-9) 

^OCHzCftO-CH-CH* 



CH, 

CH ^ =CH-0CH ^ CH t 0-^V ( r- H O~ 0CHICH^0 " CH=CH, ( 1 ~ 10) 

^ f CH, 



CHi=CH -0CH t CH 8 (>-^^^3~ 0CHiCHj0 " CH=CHl C 1 " 1 ^ 
C^CH-0CH t CH t 0-Q)^^3" 0CH,CH20 " CH=CHi C 1 " ^ 



=CH-0-CH l OHf^V-C-^ r ^-OCHeO-CH=CH: (1-13) 

CH, 



CH, 



CH,=CH-0-(f^\-C-^Y-0-CH=CH 2 (1-14) 
W CH 3 W 
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CH^Ctf-OCHaCHjO 




H 



CH^O-CH-CH, 



(1-15) 



10 



1S 



20 



CH,=CH-0-/3^ C ^0-0-CH=CH, 

o 

C^CH-O^Q^C-hQ^O-CH^CH, 



(1-16) 



(1-17) 



CH,=CH-0-^Vo-/^V-0-CH=» 



25 



-CH=CH* 



(1-18) 



C^CH-O-^^KS-^^-O-CH^CH: 



(1-19) 



3S 



(1-20) 



40 



4S 



CF 3 

CH,=CH-0--^^C-£^0-CH=CH t 
CF, 



(1-21) 



'XXLiOr 



50 CH t =CH-0^<^ T"^^-0-CH=CH 2 
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-CH=CH I 



(1-22) 
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CHa^. 0-CH=CH 2 
O-CH^CH, 



(1-23) 
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CH^CH-O-^^Q^O-O-CH-CH, 



O-CH-CH* 



CHj=CH-0 




O-CH-CH, 



0-CH=CHa 



O-CH-CH* 




CH*-CH- 



-CH=CH: 




(1-24) 



(1-25) 



(1-26) 



CH=CH, 



so 
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CH^CH-O. CHj 0-CH=CH, 

CH J =CH-0-H^-CH l CHCHCH J -Q>-0-CH=CH I ( 1 " 28) 



HiC CHj 
-CH-O^Or^JQ 

H,C CHa 



Cf^CH-C 
CH,= 



(1-29) 



CH, CH, 




CH, CH, 



0-CH=CH, 
0-CH=CH z 



(1-30) 



OCH=CH, OCH=CH, OCH=CHz 



CH,=CH- 




0-CH=CH, 



(1-31) 



CH, 



[0083] When B is -CO-O, the compound of general formula (II) above may be prepared by reacting a polycarboxylic 
acid with a halogenated alkyl vinyl ether. Illustrative, non-limiting examples of compounds having formula (II) in which 
B is -CO-O- include diethylene vinyl ether terephthalale, diethylene vinyl ether phthalate, Methylene vinyl ether isoph- 
thalate. dipropylene vinyl ether phthalate, dipropylene vinyl ether terephthalate, dipropylene vinyl ether isophthalate 
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diethylene vinyl ether maleate, diethylene vinyl ether f umarate, and diethylene v.nyl ether i acona to. 
rooai] Examples of alkenyl ether group-containing compounds which are h.ghly suitable for use in the J™*Jo" 
S aS ether group^containing compounds prepared by reacting an act™ ^ 
compound of general tormu.a (III), (IV), or (V) below, for example, with an isocyanate group-beanng compound. 
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RS ._ CH = C-0-R'-OH t" 1 ) 



R 7 

R «._CH = C-O-R ! -C00H (IV) 



R 7 

R9 ._ CH = C-0-R a -NH J 



(V) 



In these formulas, Ft 6 ", R 7 . and R 8 are as defined above. 

roOSSl When B is -NHCO-O- or -NHCONH-, the compound of general formula (II) above can be prepared by using 
socyanate group-bearing compounds including those mentioned in Handbook of Crosslinking Agents, Taise, K.K 
1 981 Illustrative examples include polyisocyanate compounds such as triphenylmethane tnisocyanate. diphenylmeth- 
ane diisocyanate. tolylene diisocyanate, the dimer of 2.4-tolylene diisocyanate, naphthalene-1 * 
xylene diisocyanate polymethylene polyphenyl isocyanate, and hexamethylene d.isocyanate; and poty socyanate 
adductt such as thead^c" of tolylene 

and water, and the adducl of xylene diisocyanate and trimethylolpropane. Various compounds ™* te ™* a ^" y ' 
ether groups may be obtained by reacting the above-mentioned isocyanate group-beanng compounds 
hydrogen-bearing alkenyl ether compounds. Illustrative, non-limiting examples of such compounds include those of 
the following formulas (11-1) to (11-11). 

CHe-CHOCHiCHtOOCNH -^)-NHCOOCH:CH t OCH=CH t ( n - 1) 



CH,=CHOCH I CH i OOCNHv/ NHC0OCH 2 CH I OCH-CH J ( n _ 2) 



45 



SO 



55 




CH l =CHOCH l CH J OOCNH--^^^^-NHCOOCH s CH,OCH=CH t ^ ^ 



3) 
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CH^CHOCHjCHjNHCNH- 

4 



-NHCNHCI^CHjOa^CHj 
6 



(n-4) 



CH^CHOCHiCHjOOCNH 



CH, 




-NHCOOCHiCHjOCH^Ht 

(H-5) 



CF, 



C^^HOCHjCHOO 



I 

OF, 



-NHCOOCHzCHzOCH-CH, 

(n-6) 



CH t =CHOCH I CH l O0CNH^^-.C^Q^NHcO0CH J CH I OCH=CH l 

CJ) (n-7) 



CH, 



CHz=CHOCH 2 CH l NHCi 




^ NHCNHCH 2 CHiOCH=CHi 

CH) O • (n-8) 



CH, 



CH^CHOCHjOOCNH 




-NHCOOCH,OCH=CH l ( H - 9) 



CH, 



CH z =CHOCH l NHCNH 



CH, 



NHCNHCH 2 OCH=CH 2 ( n - 10) 

o 
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CHi-CHOCHjCHOOCNH- 



NHCOOCH,CH*OCH=CHz 

(n-u) 



TO 



75 



[0086] In the first method discussed above, the hydrogen atoms on the phenol* hydroxyl groups cj polym* s h vng 
ecurr ng unite of general formula (V), terminated with P, having a weight average molecular weight of 1 000 to _50C £00 
Lnd p eferably having a molecular weight distribution of 1 .0 to 1 .5 are reacted with P 1 moles of an alkeny ether com- 
SSSJSi. formula (I) or (..) and'al moles of a compound o, general fomjufe (7a). per mo e c £ ^hydroxy, 
orouos on the polymer, so as give polymers having recurring unrts of general formulas (5a -1) to (5a -7) below ana 

of general formula (7a). In the formulas below, m+n = y, and h, k, m, n, x, y, p1 , p2, ql , q2, R , R , R , R . R , ana 
Q are as defined above. 
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(5 a' - 2) 
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[0087] In the above formulas. U-, and U 3 ' represent the units shown below. 
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[0088] In the first method, reaction is preferably carried out in a solvent in the presence of an acid. The reaction 
solvent is preferably a polar aprotic solvent such as dimethylformamide, dimethylacetamide, tetrahydrofuran. or ethyl 
acetate These may be used alone or as mixtures of two or more thereof. Preterable examples of the acid catalyst 
include hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid, p-toluenesulfonic acid, methanesulfomc acid, 
trifluoroacetic acid, and pyridinium p-toluenesulfonate. The amount of the acid catalyst used is preferably 0. 1 to 1 0mol% 
based on the moles of the entire phenolic hydroxyl groups of the polymer having general formula (1). The reaction 
temperature is -20 to 100°C, and preferably 0 to 60'C, and the reaction time is 0.2 to 100 hours, and preferably 0.5 to 

[0089] fS Where two types of reaction are carried out in a contiguous manner without once isolating an intermediate 
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product, the order of addition of the alkenyl ether compound of formula (I) or (II) and the compound of formula (7a) is 
not critical Preferably, the compound of formula (7a) is first added and after reaction proceeds to a full extent the 
alkenyl ether compound of formula (I) or (II) is added. If the alkenyl ether compound of formula (I) or (II) and the 
compound of formula (7a) are simultaneously added or if the alkenyl ether compound of formula (I) or (II) is first added 
then some of reactive sites of the alkenyl ether compound of formula (I) or (II) can be hydrolyzed with water in the 
ert^es° n SySt9m wh0reby there is form9d a Polymer of complex structure which is difficult to control its physical prop- 

Second method 
[0090] 



R' 

I 



(OH), 




CI') 



R T 
I 

A-eO-CR'-OfrC-R'L 

z (vi) 



R r 

A-eB-R'-O-C-R'L 



(VII) 



R'° 

R*-CH 2 -C-OR" C7b) 
I 

Z 

[0091] Here, R». R2, R* to R", x, y, pi, p2, q1, q2, A, B, c, and d are as defined above, and Z is a halogen atom 
such as CI, Br or I. 

[0092] It is understood that the compounds of formulas (VI), (VII) and (7b) can be produced by reacting the com- 
pounds of formulas (I), (II) and (7a) with hydrogen chloride, hydrogen bromide or hydrogen iodide, respectively. 
[0093] In the second method, polymers comprising recurring units of formula (1"). terminated with P. and having a 
weight average molecular weight of 1 ,000 to 500,000 and preferably a dispersity of 1 .0 to 1 .5 are reacted with p1 moles 
of a halogenated alkyl ether compound of formula (VI) or (VII) and ql moles of a compound of formula (7b) per mole, 
ol the phenolic hydroxyl group in the polymer to be reacted, thereby forming polymers having recurring units of the 
formulas (5a'-1 ) to (5a"-7) shown above and terminated with P. It is noted that the end groups P of the polymers may 
be further reacted with a compound of formula (7b). 

[0094] In the second method, reaction is preferably carried out in a solvent in the presence of a base. The reaction 
solvent used herein is preferably selected from aprotic polar solvents such as acetonitrile. acetone, dimethyllormamide, 
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dimethylacetamide. tetrahydrofuran. and dimethylsufloxide. and mixtures thereof. The base used herein to I"*"** 
selected from triethylamine, pyridine, diisopropylamine and potassium carbonate The amount of NbwHrii 
oreferably at least (pi + ql ) moles per mole of the phenolic hydroxy! group in the polymer of formula (1 ) to be reacted. 
Reactor! Ita pSeraW carried out at a temperature of -S0-C to 1 00-C, more preferably 0-C to BO-C. The reaction time 
is generally about 1/2to 100 hours, preferably 1 to 20 hours. 

OWS] It is acceptable to take a reaction sequence of first reacting a polymer hav.ng recurring units of MTofTnutafl ) 
and terminated with P with a compound of formula (7a) or (7b) to form a polymer hav.ng recumng units of the f oltowuig 
SneraUormula (10) and terminated with P, isolating the polymer of formula (10), and then crossl.nk.ng the polymer of 
formula (10) using a compound of formula (I), (II), (VI) or (VII). 




(10) 



R'-C-R 10 
0-R"/ 
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r0096] Furthermore, by introducing another acid labile group into the polymers having recurring units of formulas 
(5aM) to (5a'-7) and terminated with P. which are obtained by the first or second method, polymers havmg recumng 
units of formulas (5'-1) to (5'-7) and terminated with P can be produced if necessary. This is done reacting the 
polymer of formula (5a"-1 ) to (5a'-7) with q2 moles of a dialkyl dicarbonate compound or alkoxycarbonylalkyl halide per 
mole of the phenolic hydroxy I group in the original polymer having recurring units of formula (V) and terminated wrth 
P to introduce an acid labile group of the following general formula (8); or by reacting the polymer of formula (5a -1 ) to 
(5a'-7) with a tert-alkyl halide. trialkylsilyl halide or oxoalkyl compound to introduce an acid labile group. 
r0097] Preferably the introduction of an acid labile group of formula (8) is carried out in a solvent in the presence of 
a base The reaction solvent used herein is preferably selected from aprotic polar solvents such as acetonrtr.le acetone 
dimethylformamide. dimethylacetamide, tetrahydrofuran. and dimethylsutfoxide, and mixtures thereof. The base used 
herein is preferably selected from triethylamine, pyridine, imidazole, diisopropylamine and potassium carbonate The 
amount of the base used is preferably at least q2 moles permole of the phenolic hydroxyl group in thee 
of formula (1 •). Reaction is preferably carried out at a temperature of 0»C to 1 00'C, more preferably 0"C to 60 C. The 
reaction time is generally about 10 minutes to 100 hours, preferably 1 to 10 hours. 

f00981 Examples of the dialkyl dicarbonate compound include di-tert-butyl dicarbonate and dt-tert-amyl bicarbonate. 
Examples of the alkoxycarbonylalkyl halide include tert-butoxycarbonylmethyl ch» W^ylox^WJ 
chloride, tert-butoxycarbonylmethyl bromide, tert-butoxycarbonylethyl chloride, ethoxyethoxycarbonylmethyl chlonde, 
ethoxyethoxycarbonylmethy. bromide, tetrahydropyranyloxycarbonylmethyl chloride, ^ydropyr^yloxyca £onyl- 
methyl bromide, tetrahydrofuranyloxycarbonylmethyl chloride, and tetrahydrofuranyloxycarbonylmethyl brem*. Ex- 
amples of the trialkylsilyl halide include trimethybilyl chloride, triethylsilyl chloride, and d-meth^ert-buty^fyl chtond* 
[0099] Furthermore, if necessary, the polymer having recurring units of formula (5a'-1) to (Sa'-7) and terminated with 
P which is obtained by the first or second method, can be tert-alkylated or oxoalkylated by reacting the polymer with 
q2 moles of a tert-alkylating compound or oxoalkyl compound per mole of the phenolic hydroxyl group in the original 
polymer having recurring units of formula (1 ') and terminated with P. 

ro/oO] Preferably this reaction is carried out in a solvent in the presence of an acd. The reaction solvent used herein 
s pref erably selected from aprotic polar solvents such as dimethylformamide, dimethylacetamide, tetrahydrofuran^ an* 
ethyl acetate, and mixtures thereof. The acid used herein is preferably selected from hydrochtoric acid, sulfuric acd. 
trrfluoromethanesultonic acid, p-toluenesulfonic acid, methanesulfonic acid, trffluoroacetic acid, and PY^mum p-to - 
uenesuKonate. The amount of the acid catalyst used is preferably 0.1 to 10mol% based on the moU .. ; °< ^P h ^ 
hydroxyl groups in the original pofymer having recurring units of formula (V) and terminated with P, the hydroxy I groups 
represented by R* in formula (2) and the hydroxy, groups in formula (3). Reaction ,s preferably carried out at a tem- 
perature of -20-C to 1 00'C. more preferably 0»C to 60'C. The reaction time is generally about 1 0 minutes to 1 00 hours, 

pi'oT Examp^ compound include isobutene. 2-methyl-1 -butane *£*-™ XU £ 2 *"° n °J*- 

amples of the oxoalkyl compound include cx-angelica lactone, 2^yclohexen-1-one, and 5.6-d,hydro-2H-pyran-2-one. 
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[0102] Apart from the route of once forming a polymer of formula (5a'-1 ) to (5a'-7), it is possible to directly introduce 
an acid labile group of formula (8). tertiary alkyl group, trialkylsilyl group or oxoalkyl group into a potymer comprisino 
recurring units of the following genera, formula (5bM ) to ^ 
an acid labile group of formula (7). 





o o 

-U,-- -(Q n O-Q-0(C) n - -U," 



(5 b* - 3) 
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[0103] In these formulas. R\ R». Q. pi, p2 . qi . q2 , h. x, and y are each as defined above U," 
shown below. 



i 3 ' represents the units 
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greater number of types of acid labile groups are introduced can be produced. 
Composition 

is r^t^Sto, — * « > -~ ■»■«-* <-"* ,5 '' -* 

(C) a photoacid generator. 

[0106] in addition to above components (A) to (C), the resist composition may turther include one or more of the 
following components (D) to (I): 

(D) another base resin other than component (B) which is a polymer comprising recurring units of general formula 
(9): 
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(9) 



wherein Ri . R 2 , R* H». and R« are as defined above; R 12 is an acid labile group oth ,er tan ^ W JJJJ 

of acid labile group in an average proportion* Omol% to BOmM a ™JJJ * ^ y cr0 sslinked within a 
average molecular weight of 3,000 to 300.000. wherein the polymer of formula (9) may -De 
molecule and/or between molecules wrth a crosslinks W^^SJS S^SjSnd. and ^ 
phenolic hydroxy! groups therein with an aikeny ether '^^^^^W <™ Omol% ,0 

amount of the acid labile group and the crossl.nk.ng SS^Sm wherein e = 0. f = 0, and 

60mol% of the entirety of hydrogen atoms in the phenol.c hydroxyl groups in formula (9) wne 

9 = 1; 

(E) a dissolution regulator; 

r^an^omTcTompound having a .C-COOH group within the mo.ecuie; 
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(H) an UV absorber; and 

(I) an acetylene alcohol derivative. 



[01 07] The organic solvent used as component (A) in the invention may be any organic solvent in which the photoacid 
generator, base resin, dissolution regulator, and other components are soluble. Illustrative, non-limiting, examples of 
the organic solvent include ketones such as cyclohexanone and methyl-2-n-amytketone; alcohols such as 3-meth- 
oxybutanol, 3-methyl-3-methoxybutanol, 1 -methoxy-2-propanol, and 1 -ethoxy-2-propanol; ethers such as propylene 
glycol monomethyl ether, ethylene glycol monomethyl ether, propylene glycol monoethyl ether, ethylene glycol monoe- 
thyl ether, propylene glycol dimethyl ether, and diethylene glycol dimethyl ether; and esters such as propylene glycol 
monomethyl ether acetate, propylene glycol monoethyl ether acetate, ethyl lactate, ethyl-pyruvate, butyl acetate methyl 
3-methoxypropionate, ethyl 3-ethoxypropionate, tert-butyl acetate, tert-butyl propionate, and propylene glycol mono- 
tert-butyl ether acetate. These solvents may be used alone or in combinations of two or more thereof Of the above 
organic solvents, preferred are diethylene glycol dimethyl ether. 1-ethoxy-2-propanol and ethyl lactate, in which the 
photoacid generator is most soluble, and propylene glycol monomethyl ether acetate which is safe ; and mixtures there- 
of. 

[01 08] The amount of the organic solvent used is preferably about 200 to 1 ,000 parts, more preferably about 400 to 
800 parts by weight per 100 parts by weight of the base resin consisting of components (B) and (D) combined 
[01 09] Suitable examples of the photoacid generator serving as component (C) include onium salts of general formula 
(11) below, diazomethane derivatives of formula (12), glyoxime derivatives of formula (13), p-ketosulfone derivatives 
disulfone derivatives, nitrobenzylsulfonate derivatives, sulfonic acid ester derivatives, and imidoyl sulfonate derivatives! 

( R3 °) b MV (11) 

[0110] In the formula, R30 is a straight, branched or cyclic alkyi of 1 to 12 carbon atoms, an aryl of 6 to 12 carbon 
atoms s or an aralkyl of 7 to 12 carbon atoms; M + is iodonium or sulfonium; K" is a non-nucleophilic counter-ion- and 
the letter b is 2 or 3. 

[01 11] Illustrative examples of alkyl groups represented by R3° include methyl, ethyl, propyl, butyl, cyclohexyl 2-ox- 
ocyclohexyl. norbomyl, and adamantyl. Exemplary aryl groups include phenyl; alkoxyphenyi groups such as p^meth- 
oxyphenyl, m-methoxy phenyl, o-methoxyphenyl. ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-butoxypheny|- and 
alkyiphenyl groups such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, ethylphenyl, 4-terl-butylphenyl 4-butyl- 
phenyl, and dimethylphenyl. Exemplary aralkyl groups include benzyl and phenethyl. Examples of the non-nucleophilic 
counter-ion represented by K" include halide ions such as chloride and bromide; fluoroalkylsulfonate ions such as 
triflate. 1,1,1-trifiuoroethanesulfonate, and nonafluorobutanesulfonate; arylsulfonate ions such as tosylate benze- 
nesulfonate, 4-fluorobenzenesulfonate, and 1,2,3,4,5-pentafluorobenzenesulfonate; and alkylsulfonate ions'such as 
mesylate and butanesulfonate. 

R 3, -S0 a -C-S0 2 -R" (12) 

[0112] In the formula. and R 3 * are straight, branched or cyclic alkyl or halogenated alkyi groups of 1 to 12 carbon 
atoms, aryl or halogenated aryl groups of 6 to 1 2 carbon atoms, or aralkyl groups of 7 to 1 2 carbon atoms. 
[0113] Illustrative examples of alkyl groups represented by W and R32 include methyl, ethyl, propyl, butyl amyl 
cyclopentyl, cyclohexyl, norbornyl, and adamantyl. Exemplary halogenated alkyl groups include trifluoromethyl', 
1,1,1-trifluoroethyl, 1,1,1-trichloroethyl, and nonafluorobutyl. Exemplary aryl groups include phenyl; alkoxyphenyi 
groups such as p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m- 
tert-butoxyphenyl; and alkyiphenyl groups such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, ethylphenyl 
4-tert-butylphenyl, 4-butylphenyl, and dimethylphenyl. Exemplary halogenated aryl groups include fluorobenzene, chlo- 
robenzene, and 1 ,2,3,4,5-pentafluorobenzene. Exemplary aralkyl groups include benzyl and phenethyl. 

I I 

R n -SO l -0-N=C-C=N-0-SO,-R 5J (13) 



43 



EP 0 908 473 A1 



[01 14] In the formula, FP». R 34 . and Pi* are straight, branched or cyclrc alkyl or halogenated alky I W«»Mb12 
Lrbon atoms, aryl or halogenated aryl groups ol 6 to 12 carbon atoms, oraralkyl groups of 7 to 12 f^ a ^.^ 
and R35 may together form a cyclic structure with the proviso that if they form a cyclic structure, each is a straight or 
branched alkylene group of 1 to 6 carbon atoms. 

101 1 5] The alkyl, halogenated alkyl, aryl, halogenated aryl. and aralkyl groups represented by H» R , and H a£ 
exemplified by the same groups mentioned above for H» and R3*. Examples of alkylene groups represented by R» 
and R 36 include methylene, ethylene, propylene, butylene, and hexylene. 
[0116] Illustrative examples of the photoacid generator include: 

onium salts such as diphenyllodonium trifluoromethanesulfonate, (p-tert-butoxyphenyl)phenyliodonium trifluor- 
omethanesulfonate, diphenyltodonium p-toluenesulfonate, (p-tert-butoxyphenyl)phenyliodonium p-touenesu - 
fonate, triphenylsulfonium trifluoromethanesulfonate, (p4ert-butoxyphenyl)diphenylsulfon.um trrnuoromethanesul- 
1onate,bis(p-tert-butoxyphenyl)phenylsurfoniumtrffluo^ 

fluoromethanesulfonate. triphenylsulfonium p-toluenesulfonate, (p-tert-butoxyphenyl)diphenylsu fon.um p«*t+ 
nesul1onate.bis(p-tert-butoxyphenyl)phenylsulfoniump-toluenes 

uenesulfonate. triphenylsulfonium nonafluorobutanesulfonate. triphenylsulfonium butanesullonate, tnmethyteuHo- 
nium trifluoromethanesulfonate, trimethylsulfonium p-toluenesulfonate, cyclohexylmethyl(2-oxocyclohexy l)^utfo- 
niumtrffluoromethanesutfonate,cyclohe>cylmethy^^ 

sullonium trifluoromethanesulfonate, dimethylphenylsulfonium p-toluenesulfonate. dicyclohexylphenylsulfon.um 
trifluoromethanesulfonate, and dicyclohexylphenylsulfonium p-toluenesulfonate; 

diazomethane derivatives such as bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)d.azomethane. be 
(xylenesulfonyl)-diazomethane, bis(cyclohexylsulfonyl)diazomethane. bis(cyclopentylsulfonyl)diazomethane. bis 
n-butylsulfonyl)diazomethane, bis(isobutylsuHonyl)«Jiazpmethane, bis(sec-butylsuHonyl)diazomethane. b.s n- 
propylsulfonyl)diazomethane. bis(isopropylsurfonyl)-diazomethane. bis(tert-butylsulfonyl)diazomethane bis(n- 
amylsulfonyl)diazomethane. bis(isoamylsulfonyl)diazomelhane, bis(sec-amylsuHonyl)d.azomethane, b.s(tert- 
amylsuKonyl)diazomethane. 1 -cyclohexylsulfonyl-1 -(tert-butylsulfonyl)diazomethane, 1 -cyclohexylsultonyl-1 - 
(tert-amylsulfonyl)diazomethane.and1-tert-amylsulfonyl-1-(tert-butylsulfonyl)diazomethane; 
glyoxime derivatives such as bis^-(p-toluene-sulfonyl)-a-dimethylglyoxime, bis-o-(p-toluenesulfonyl)-a-d,phe- 
nylglyoxime,bis^-(p-toluenesurlonyl)-a-dicyclohexylglyoxime. bis-o-(p-toluenesurfonyl)-2,3-pentanedioneglyox.- 
me bis^-(p-toluenesulfonyl)-2-methyl-3,4-pentanedionegVoxime. bis-o-tn-butanesulfonyO-a-dmethylglyoxime, 
bis-o-(n-butanesulfonyl)-a-diphenylglyoxime, bis-o-(n-butanesulfonyl)-a-dicyclohexylglyoxime b 1S -o-(n-bu- 
tanesulfonyl)-2.3-pentanedioneglyoxime. bis-o-(n-butanesulfonyl)-2-methyl-3,4-pentanedioneglyox.me b.sK>- 
(methanesulfonyl)-a-dimethylglyoxime. bis-o-(trifluoromethanesulfonyl)-a-dimethylglyoxime. b.s-o-(1 .1,1 -trrfluo - 
oethanesulfonyl)-a-dimethylglyoxime, bis-o-(tert-butanesulfonyl)-«-dimethylglyoxime, bis-o-(perfluorooctanesu - 
fonyl)-a-dimethylglyoxime, bis^-(cyclohexanesulfonyl)-a-dimethylglyoxime, bis-o-(benzenesurfonyl)-o-d.me hyl- 
glyoxime bis^-(p-fluorobenzenesulfonyl)-a-dimethylglyoxime, bis^-(p-tert-butylbenzenesulfooyl)-o-d.methylgly- 
oxime, bis-o-(xylenesulfonyl)-a-dimethylglyoxime, and bis-o-(camphorsulfonyl)-a-dimethyi g Voxime; 
p-ketosutfone derivatives such as 2-cyclohexylcarbonyl-2-(p-toluenesulfonyl)propane and 2-isopropylcarbonyl-2- 
(p-toluenesulfonyl)propane; 

disulfone derivatives such as diphenyl disulfone and dicyclohexyl disulfone; 

nitrobenzyl suHonate derivatives such as 2,6-dinrtrobenzyl p-toluenesulfonate and 2,4-d.nrtrobenzyl p-toluenesul- 

Sttonic acid ester derivatives such as 1 ,2.3-tris(methanesulfonyloxy)benzene, 1 ,2,3-tris(trifluoromethanesulfony- 
loxvlbenzene, and 1,2,3-tris(p-toluenesurlonyloxy)benzene, and 

imidoyl sulfonate derivath/es such as phthalimidoyl triflate, phthalimidoyl tosylate 5 ; n ° rb ^ nene - 2 ^ ,C n a *^.' 
idoyl triflate, 5-norbomene-2,3-dicarboxyimidoyl tosylate, and 5-norbornene-2,3-d.carboxy.m,doyl n-butylsul- 

lonate. 

[0117] Preferred among these photoacid generators are onium salts such as triphenylsulfonium ^^^^ 
lonate, (p-tert-butoxy P henyl)diphenylsurfonium trifluoromethanesulfonate. tris(p-tert-butox yP henyl su " 0 "'" m ^Jf " 
omethan'esurfonate^mphenylsutfonium p-toluenesulfonate, *™**«^^ 

fonate, andtris(p-tert-butoxyphenyl)suHonium p-toluenesutfonate; diazomethane denvabves such as f'^enzenesu 
ony.)oiazomethane, bis(p-toluenesuHonyl)diazomethane. bis(cyc,ohexylsuHonyl)diazomethane ^^suttony.) 
diazomethane bis(isobutylsullonyl)diazomethane, bis(sec-butylsulfonyl)diazomethane, b.sc.n-propylsulfonyl d,a- 
rSfe(isopro P yiony1)diazomethane. and bis(ten*utylsuHonyl)diazomethane; and gtyox.me derwat.es 
such as bis-o-(p-toluenesuHonyl)-a-dimethylglyoxime and bis^-(n-butane S ulfonyl)-«-d,methylglyox,me These pho^ 
toacid general may be used singly or in comb^^ 

rectangularity, while diazomethane derivatives and glyoxime derivatives are ef.ect.ve for reducng stand.ng waves. The 
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rona Tho^ ° n, T T 9 d,a20melhane °ra gVoxime derivative allows for fine adjustment of the profile 
weinh Zr ,nn ^ C K 9ene ^° r '? 3dd?d 30 am ° Unt ° f 0 2 to 15 parts ^ wei 9 W " 30(1 ^P^ially 0.5 to 8 parts by 

eSure wouto H Wel ^,K a " b3Se r6SinS - At ,6SS ^ 0 2 «»* amount of ^id generated' during 

exposure would be too low and the sensitivity and resolution are poor, whereas the addition of more than 15 carts 
would lower the transmittal of the resist and results in a poor resolution P 
[0119] Component (D) is a base resin other than the polymer of component (B) described above The other base 
res.n is preferably a polymer having recurring units of the following general formula (g) and having a weight averaae 

o^te C oaZ rti 1 ,r0m 3, °°^° 300,00 °- ,nC ' Ud " 9 COmP ° nent (D) iS ^"tageoui because it enab^ stee c3 
ol the pattern dimensions and the pattern configuration. 




R' 

-CH t C— 



(9) 



0-R 



-CR°Rioi n Ji" LSSLT'' R2> R, °- R " m as defined above ' R,Z is an «« 'aWe group other than 

1 0 " JS Iti^c !n ! 3 , a ? 6aCh ° ° ra POSitiVe nUmber - and 9 is a P 08 "™ number ' «a««fyi"9 e + f + g = 
1 , 0 S e/(e+f+g) s 0.5, and 0.4 s g/(e+f+g) s 0.9. ^ 

S^nL^ 8 P °^%°r f ° ra1Ula {9) ^ be crosslinked wi ' hi " a molecule and/or between molecules with a crosslinking 
group having a C-O-C Imkage resulting from reaction of phenolic hydroxy! groups therein with an alkenyl ether com 
pour* or halogenated alky, ether compound. The amount of the acid labile gLpand the crosslinking iCcol"^ 

inCu^^^^^^^ 

from s oon^ IT* ^l* molecular wei 9 ht in a ra nge of from 3,000 to 300,000. and preferabV 

from 5.000 to 30 000. At a weight average molecular weight of less than 3.000, the resist has a poor thermal stability 
whereas above 300,000. the alkali solubility is too low to provide an acceptable resolution * 
[0123] When the base resin serving as component (D) has a broad molecular weight dispersrty (Mw/Mn) both low 
T1Z Tt X ^ >T, m0leCU,af W8i9M P ° ,ymerS afe Present T °° ™ ch ,ow moLularweigmpoire^esu^ 
fnalk^ 

wetaSLTr^Jf? K,^ " 9 * end ° f Pattem f ° rmatton - Theretor ^ 9*™ that these effects of molecular 
for ffinTln f T*? d,S,rlbutlon ,end to increase as ■» Pat^n rule becomes smaller, to obtain a resist suitable 
especial 1 ^01% r9S ' n Sh ° U ' d pre,6rably have a narrow "^'^ular weight dispersity of 1.0 to 2.5. and 

[01 24] The other baser resin as component (D) and the base resin as component (B) are preferably formulated in a 
than ISZ T ? 9 ?'r 6SPeCia ^ 0:1 °° 10 50:50 Whe " the base res " < D > ,s i" an aZunfg^er 

Achieved ' rablS 6,feCtS ^ baSS rSSin (B) (COmpriSed ° f ,hS p -t°™™«* PoVmer) are not 

SnSo tSc^^ 0 ^' 0 ' 1 , 1- ** m3y a ' S ° inC ' Ude - 38 """P 006 ™ (^). a dissolution regulator for en- 

!oS to 1 S^Sf . Kf, S ^ Ut '° n o^ 9Ula,0r iS 3 com P° und an ^erage molecular weight within a range of 

100 to 1 .000 and preferably 150 to 800, and having on the molecule at least two phenolic hydroxyl groups in which 

acid 3 groups" % ° 10 ° m0,% " *" *" hydr09e " ^ ^ *" Phen °' iC 9 ' 0UpS baVa bean replaced 

[01 26] The degree of substitution of the hydrogen atoms on the phenolic hydroxyl groups with acid labile groups is 

SSSTJS "^SSS^ST^ * ^ ^ " " *" ™* ^ ^ ™ " 

mu^Mi) to^ r below XamPleS °' C ° mp ° UndS haVi " 9 ,WO 0r more phenolic groups include those of for- 
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(i ) 



Cii) 



(OH), 




o. 



(ni) 



R", 



(OH) f ^— v ^ /T^v(OH)r ( . v) 



R"* (0H)r 



R" 
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(vi) 



(vi) 



<ix) 



(x) 



(xi) 



[0128] In these formulas, R 21 and R 22 are each hydrogen or a straight or branched alkyl or alkenyl of 1 to 8 carbon 
atoms; R 23 is hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, or -<R 27 ) h -COOH; R 24 is-(CH2) r 
(where i = 2 to 10), an arylene of 6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a sulfur atom; RPS is 



47 



EP 0 908 473 A1 



10 



15 



20 



25 



an alkylene of 1 to 10 carbon atoms, an arylene of 6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a 
sulfur atom- R 26 is hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, or a hydroxyl -substituted 
phenyl or naphthyl; R 27 is a straight or branched alkylene of 1 to 10 carbon atoms; the letter j is an integer from 0 to 
5- u and h are each 0 or 1 ; s, t, s\ t\ s", and f are each numbers which satisfy s+t = 8, s'+f = 5, and s"+t" = 4, and are 
such that each phenyl skeleton has at least one hydroxyl group; and a is a number such that the molecular weight of 
the compounds of formula (viii) or (ix) is from 100 to 1 ,000. 

[01 29] In the above formulas, suitable examples of R 21 and R 22 include hydrogen, methyl, ethyl, butyl, propyl, ethynyl, 
and cyclohexyl; suitable examples of R 23 include the same groups as for R 21 and R 22 as well as -COOH and 
-CH 2 COOH; suitable examples of R 24 include ethylene, phenylene, carbonyl, sulfonyl, oxygen, and sutfur; suitable 
examples of R 25 include methylene as well as the same groups as for R 24 ; and suitable examples of R 26 include 
hydrogen, methyl, ethyl, butyl, propyl, ethynyl, cyclohexyl, and hydroxy l-substituted phenyl or naphthyl. 
[01 301 Exemplary acid labile groups on the dissolution regulator include groups of general formula (7) or (8) above, 
tertiary alkyl groups of 4 to 20 carbon atoms, trialkylsilyl groups in which each of the alkyls has 1 to 6 carbon atoms, 
and oxoalkyl groups of 4 to 20 carbon atoms. 

[01 31] The compound serving here as the dissolution regulator, in which phenolic hydroxyl groups have been partially 
substituted with acid labile groups, may be formulated in an amount of 0 to 50 parts, preferably 5 to 50 parts, and more 
preferably 10 to 30 parts by weight, per 100 parts by weight of the base resin, and may be used singly or as a mixture 
of two or more thereof. An amount of less than 5 parts may fail to yield an improved resolution, whereas the use of 
more than 50 parts would lead to thinning of the patterned film, and thus a decline in resolution. 
[01 32] The dissolution regulators can be prepared by chemically reacting acid labile groups with a compound having 
phenolic hydroxyl groups in the same manner as described earlier for the base resin. 

[01 33] Instead of, or in addition to, the above-described dissolution regulator, the resist composition of the invention 
may include, as another dissolution regulator, a partially substituted compound having a weight average molecular 
weight of more than 1 ,000 and up to 3,000, and having phenolic hydroxyl groups on the molecule, in which an average 
of 0% to 60% of all the hydrogen atoms on the phenolic hydroxyl groups have been substituted with acid labile groups. 
[01 34] The compound in which the phenolic hydroxyl group hydrogens are partially substituted with these acid labile 
groups is preferably one or more selected from among compounds having recurring units of general formula (1 4) below 
and a weight average molecular weight of more than 1 ,000 and up to 3,000. 



30 





(14) 



40 in the formula. R 3 is an acid labile group, and v and w are respectively numbers satisfying 0 v/(v+w) ^ 0.6. 

[01 35] Suitable examples of the acid labile groups in the other dissolution regulator include groups of general formula 
(7) or (8), tertiary alkyl groups of 4 to 20 carbon atoms, trialkylsilyl groups in which each of the alkyls has 1 to 6 carbon 
atoms, and oxoalkyl groups of 4 to 20 carbon atoms. 

[0136] Advantageously, the other dissolution regulator just described is formulated in an amount such that the total 
45 amount of dissolution regulator, including the dissolution regulator described earlier, is 0 to 50 parts, preferably 0 to 
30 parts, and more preferably at least 1 part by weight, per 100 parts by weight of the base resins. 
[01 37] The other dissolution regulator can be prepared by chemically reacting acid labile groups with a compound 
having phenolic hydroxyl groups in the same manner as described earlier for the base resin. 

[0138] The basic compound used as component (F) is preferably a compound capable of suppressing the rate of 
so diffusion when the acid generated by the photoacid generator diffuses within the resist film. The inclusion of this type 
of basic compound holds down the rate of acid diffusion within the resist film, resulting in better resolution. In addition 
it suppresses changes in sensitivity following exposure, thus reducing substrate and environment dependence, as well 
as improving the exposure latitude and the pattern profile. 

[0139] Examples of basic compounds suitable for use as component (F) include primary, secondary, and tertiary 
55 aliphatic amines, mixed amines, aromatic amines, heterocyclic amines, carboxyl group-bearing nitrogenous ^com- 
pounds, sulfonyl group-bearing nitrogenous compounds, hydroxyl group-bearing nitrogenous compounds, hydroxy- 
phenyl group-bearing nitrogenous compounds, alcoholic nitrogenous compounds, amide derivatives, and imide deriv- 
atives. Of these, aliphatic amines are especially preferred. 
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[0140] Examples of suitable primary aliphatic amines include ammonia, methylamine, ethylamine. n-propytamine 
isopropylamme, n-butylamine, iso-butylamine, sec-butylamine, tert-butylamine, pentytamine, terl-amylamine, cy- 
clopentylamtne, hexylamine. cyclohexylamine. heptylamine, octylamine, nonylamine, decylamine, dodecylamine ce- 
tylamine, methylenediamine, ethylenediamine, and tetraethylenepentamine. Examples of suitable secondary aliphatic 
amines include dimethylamine, diethylamine, di-n -propylamine, di-iso-propylamine, di-n-butylamine, di-iso-butylamine 
oVsec-butylamine, dipentylamine, dicyctopentylamine, drhexylamine, dicyclohexylamine, diheptylamine, dioctylamine 
dinonylamine, didecylamine, didodecylamine, dicetytamine, N.N-dimethylmethylenediamine, N.N-dimethylethylenedi- 
amine, and N,N.d«methyltetraethylenepentamine. Examples of suitable tertiary aliphatic amines include trimethyl- 
amine, tnethylamme, tn-n-propylamine, tri-iso-propylamine, tri-n-butylamine, trhiso-butylamine. tri-sec-butylamine 
tnpentylamme, tncyclopentylamine, trihexylamine. tricyclohexylamine, triheptylamine, trioctylamine, trinonylamine tri- 
decylamine , tridodecylamine, tricetylamine, N.N.N'.N'-tetramethylmethylenediamine, N.N.N'.NMetramethylethylenedi- 
amme, and N.N.N'.N'-tetramethyrtetraethylenepentamine. 

[0141] Examples of suitable mixed amines include dimethylethytamine, methylethylpropylamine, benzylamine 
phenethylamine, and benzyldimethylamine. Examples of suitable aromatic and heterocyclic amines include aniline 
derivatives (e.g., aniline, N-methylaniline, N-ethylaniline, N-propylaniline, N.N-dimethylan.line, 2-methy Ian Nine 
3-metnylaniline, 4-methylaniline, ethylaniline, propylaniline.trimethylaniline, 2-nitroaniline, 3-nrtroaniline 4-nitroaniline' 
2,4-dinitroan.line, 2.6-dinitroaniline, 3,5-dinitroaniline. and N,N<jimethyitoluidine), diphenyl(p-tolyl)amine f methyld- 
iphenylamme, triphenylamine, phenylenediamine, naphthylamine, diaminonaphthalene, pyrrole derivatives (e g pyr- 
role, 2H-pyrrole, 1 -methylpyrrole, 2,4-dimethylpyrrole, 2,5-dimethylpyrrole, and N-methylpyrrole), oxazole derivatrves 
(e.g., oxazole and isooxazole), thiazole derivatives (e.g., thiazole and isothiazole), imidazole derivatives (e g imida- 
zole, 4-methylim.dazole, and 4-methyl-2-phenylimidazole), pyrazole derivatives, furazan derivatives, pyrroline'deriva- 
tives (e.g pyrroline and 2-methyM -pyrrol ine), pyrrolidine derivatives (e.g., pyrrolidine, N-methylpyrrolidine, pyrrolidi- 
none, and N-methylpyrrolidone), imidazoline derivatives, imidazolidine derivatives, pyridine derivatives (e g pyridine 
methylpyr.d.ne, ethylpyridine, propylpyridine, butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpyridine, trimethylpyrid- 
me tnethylpyr.d.ne, phenylpyridine, 3-methyl-2-phenylpyridine, 4-tert-butylpyridine, diphenylpyridine, benzylpyridine 
methoxypyndine, butoxypyridine, dimethoxypyridine, 1 -methyl-2-pyridone, 4-pyrrolidinopyridine, 1-methyl-4-phenylpy- 
ridine, 2-(1-ethylpropyl)pyridine I aminopyridine, and dimethylaminopyridine), pyridazine derivatives, pyrimidine deriv- 
atives, pyrazine derivatives, pyrazoline derivatives, pyrazolidine derivatives, piperidine derrvatives, piperazine deriva- 
tives, morpholme derrvatives, indole derivatrves, isoindole derrvatives, IH-indazole derivatives, indoline derivatives 
qu.noline derivatives (e.g., quinoline and 3-quinolinecarbonitrile), isoquinoline derivatives, cinnoline derivatrves quina- 
zohne denvatrves, qumoxaline derivatrves, phthalazine derivatives, purine derivatives, pteridine derivatives carbazole 
derivatives, phenanthridine derivatives, acridine derrvatives, phenazine derivatives, 1.10-phenanthroline derivatrves 
adenine denvatives, adenosine derivatives, guanine derrvatives, guanosine derivatives, uracil derivatives and uridine 
derivatives. 

[01 42] Examples of suitable carboxyl group-bearing nitrogenous compounds include aminobenzoic acid indolecar- 
boxylic acid, and ammo acid derivatives (e.g. nicotinic acid, alanine, alginine, aspartic acid, glutamic acid glycine 
histidine, isoleucine, glycy I leucine, leucine, methionine, phenylalanine, threonine, lysine. S-aminopyrazine^-carboxylic" 
acid, and methoxyalanine). Examples of suitable sulfonyl group-bearing nitrogenous compounds include 3-pyridinesul- 
fonic acd and pyridinium p-toluenesulfonate. Examples of suitable hydroxy! group-bearing nitrogenous compounds 
nydroxyphenyl group-bearing nitrogenous compounds, and alcoholic nitrogenous compounds include 2-hydroxypyri- 
dme aminocresol, 2, 4^ u inclined iol, 3-indolemethanol hydrate, monoethanolamine, diethanolamine, triethanolamtne 
N-ethyldiethanolam.ne, N,N-diethylethanolamine, triisopropanolamine, 2,2MminodiethanoI, 2-aminoethanol 3-amino- 

1- propanol, 4-amino-1 -butanol, 4-(2-hydroxyethyl)morpholine r 2-(2-hydroxyethyl)pyridine, 1-(2-hydroxyethyl)pipera- 
zine, 1-[2-(2-hydroxyethoxy)ethyl]piperazine, piperidine ethanol, 1 -<2-hydroxyethyl)pyrrolidine, 1 -(2-hydroxyethyl)- 

2- pyrrolidinone, 3-piperidino-1,2-propanediol, S-pyrrolidino-l^-propanediol, 8-hydroxyjulolidine, 3^uinucIidinol 3-tro- 
panol, 1-methyl-2-pyrrolidine ethanol, 1-aziridine ethanol, N-(2-hydroxyethyl)phthalimide, and N-(2-hydroxy ethyl) ison- 
icotinamide. Examples of suitable amide derivatrves include formamide, N-methylformamide, N,N-dimethylformamide 
acetamide, N-methylacetamide, N,N-dimethylacetamide, propionamide, and benzamide. Suitable imide derivatrves 
include phthalimide, succinimide, and maleimide. 

[0143] In addition, basic compounds of the following genera! formulas (15) and (16) may also be included. 



CHaCHjO^^OJs-R^ 

N-CH.CHeO^-Or-R 45 

CHzCHzOO^-OJu-R" 
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CaCHiO^-OJs-R 48 

N-CHtCHzbd^-OT-R 50 ( 16 } 

I 

H 

[0144] In the formulas, Ft* 1 , Ft« R 43 , R 47 and R 49 are independently straight, branched or cyclic alkytenes of 1 to 
20 carbon atoms- R 44 . R 49 , R 46 , R 49 and R" are hydrogen, alkyls of 1 to 20 carbon atoms, or amino; R 44 and R 
R4S and R 46, R 44 and R 46 , R 44 with R 49 and R 49 . and R 49 and R» may bond together to town rings; ancT S. T and U 
are each integers from 0 to 20. with the proviso that hydrogen is excluded from R 44 . R«. R 46 . R 49 and R» when S, T 

roi d «] ar TheX?ene groups represented by R 41 , R«. R 43 . R 47 and R« preferably have 1 to 20 carbon atoms, more 
preferably 1 to 10 carbon atoms, and most preferably 1 to 8 carbon atoms. Examples include methylene, ethylene, n- 
propylene, isopropylene, n-butylene, isobutylene, n-pentylene, isopentylene, hexylene. nonylene, decylene. cy- 

clopentylene, and cyclohexylene. 

[0146] The alkyl groups represented by R 44 , R 49 , R 49 . R 49 and R" preferably have 1 to 20 carbon atoms, more 
preferably 1 to 8 carbon atoms, and most preferably 1 to 6 carbon atoms, and may be straight, branched or cyclic. 
Examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl. tert-butyl, n-pentyl. isopentyl. hexyl. nonyl, decyl, 
dodecvl, tridecyl, cyclopentyl, and cyclohexyl. 

[01471 Where R 44 and R 49 . R 49 and R 46 , R 44 and R 49 , R 44 with R 49 and R 46 , and R 49 and R 9 ° form nngs. the r.ngs 
preferably have 1 to 20 carbon atoms, more preferably 1 to 8 carbon atoms, and most prelerably 1 to 6 carbon atoms, 
and may have branching alkyl groups of 1 to 6 carbon atoms, and especially 1 to 4 carbon atoms. 
f0148] S T and U are each integers from 0 to 20, preferably from 1 to 10, and more preferably from 1 to 8. 
[0149] Illustrative examples of the compounds ol formulas (15) and (16) include tris{2-(methoxymethoxy)ethyl}amine 
lris<2-(methoxyethoxy)ethyl}amine, tri S [2-{(2-methoxyethoxy)methoxy)ethyl]amine. tris{2-(2-methoxyethoxy)ethyl} 
amine, tris{2-(1 -methoxyethoxy)ethyl}amine, tris{2-(1 -elhoxyethoxy)ethyl}amine, tris{2-(1 -ethoxypropoxy)ethyl}am.ne, 
trisl2-{(2-hydroxyethoxy)ethoxy)ethyl]amine, 4,7.13.16,21,24-hexaoxa-1.10-diazabicyclot8.8.B]hexacosane, 4,7 13, 
18-tetraoxa-1,10-diazabicyclo[8.5.5]eicosane,1,4.10.13-tetraoxa-7,16-diazabicyclooctadecane,1-aza-12^ 
aza-1 5-crown-5, and 1 -aza-1 8-crown-6. Especially preferred basic compounds are tertiary amines, aniline derivatives, 
pyrrolidine derivatives, pyridine derivatives, quinoline derivatives, amino acid derivatives, hydroxy! group-bearing ni- 
trogenous compounds, hydroxyphenyl group-bearing nitrogenous compounds, alcoholic nitrogenous compounds, 
amide derivatives, imide derivatives, tris{2-(methoxymethoxy)ethyl}amine. tris{2-(2-methoxyethoxy)ethyl)am.ne, tr«s[2- 
{(2-methoxyethoxy)methyl}ethyl]amine, and 1 -aza-1 5-crown-5. 

[01 50] The above-described basic compound may be used singly or in combinations ol two or more thereof, and is 
preferably formulated in an amount of 0.01 to 2 parts, and especially 0.01 to 1 part by weight, per 1 00 parts by weight 
of all the base resins. At less than 0.01 part, the desired effects of the basic compound would not be apparent, while 
the use of more than 2 parts would result in too low a sensitivity. 

[0151] Exemplary, non-limiting aromatic compounds bearing a -C-COOH group (preferably -R 97 -COOH wherein 
RS7 is a straight or branched alkylene group having 1 to 10 carbon atoms) which may be formulated as component 
(G) include one or more compounds selected from Groups I and II below. Including component (G) improves the PED 
stability of the resist and ameliorates edge roughness on nitride film substrates. 



Group I: 



[0152] Compounds in which some or all of the hydrogen atoms on the phenolic hydroxyl groups of the compounds 
of general formulas (17) to (26) below have been replaced with -RS 7 -COOH (wherein R* 7 is a straight or branched 
alkylene of 1 to 10 carbon atoms), and in which the molar ratio C/(C + D) ol phenolic hydroxyl groups (C) to =C-COOH 
groups (D) in the molecule is from 0.1 to 1 .0. 



(OH)„ 




(1 7) 



SO 
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(1 9) 



(2 0) 
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10 



1S 



20 



(QH)u 

(OH) u 




(2 4) 



(OH), 



Cq :> " 

R s '„ (R")i 



/=>T (0H)m (2 6) 



30 roi 531 In these formulas, Ri is hydrogen or methyl; RS1 and R 52 are each hydrogen or a straight or branched alkyl 




6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a sultur atom; Ff* is hydrogen, a straight or branched 
35 alkyl or alkenyl of 1 to 8 cartoon atoms, or a hydroxyl-substituted phenyl or naphthyl; R" is a straight or branched 
alkylene of 1 to 10 carbon atoms; R^ is hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, or a 
-R57-COOH group; the letter j is an integer from 0 to S; u and h are each 0 or 1; s1 , 11 , s2. 12, s3, 13, s4, and 14 are 
each numbers which satisfy s1 + t1 = 8. s2+t2 = S. s3 + t3 = 4, and s4 + t4 = 6, and are such that each phenyl skeleton 
has at least one hydroxyl group; p is a number such that the weight average molecular weight of the compound of 
40 formula (21 ) is from 1 ,000 to 5,000; and y is a number such that the weight average molecular weight of the compound 
of formula (22) is from 1 ,000 to 10,000. 

Group II: 

*s [0154] Compounds of general formulas (27) and (28) below. 



(OH)* ?" y=^(0^ 



COOH 



(27) 
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(OH)« ^c^R^-COOH 

(28) 



R", 



«S 



US XSTs!**' RS2, and RS7 are as defined abow: and 55 and 15 are numbers 85 a o. ts - o, 




CH, 

R"0-^g^i-<g)-OR- Cnr _ 4J 



CH 2 
CHz-COOR" 



R*0-<gMg)-OR" Cnr _ 5D 




Cm -6] 



S3 
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CH, 
HaC CH, 



R' 




R"0-^O^- ch,-coor" C nr - 14] 

In the above formulas, R" is hydrogen or a CH 2 COOH group such thai the CH 2 COOH group accounts for 10 to 1 00mol% 
ot H in each compound, a and 0 are as defined above. 

CH, 

HO^g^-C-/0>-OH CN - 1} 
COOH 



CH, 

HO-<0>-C-^OVOH CIV _ 2) 
CH, 

CH,-COOH 



CH, 
COOH 



CH, 



Civ n - 3] 



CH,-COOH 

(o^-cacooH CIV _ 5] 
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HO-^O^ CH*COOH CIV - 65 

[01S6] The aromatic compound bearing a =C-COOH group within the molecule may be used singly or as combina- 
loTs^e 0 ^^^ 

0 1 to 5 oarts and prelerably 1 to 3 parts by weight, per 100 parts by weight ol the base res.n. At less than 0.1 part. 
^ienSovement would not be achieved with regard to etther footing on nHride 

ment On the other hand at more than 5 parts, the resolution of the resist material would be unacceptably tow. 

a compound having a molar absorbance of not more than 10,000 at a wavelength of 248 nm. The ,nclus.on of the U V 
S StoS the resist composition to be designed and controlled to have a suitable transmittance for substrates 

ro^rc^ 

ndene, naphthalene, azulene. heptalene. biphenylene. indacene. fluorene. phenalene phenanthrene, ^<™"»> 
fluoranttene. acephenanthrylene, aceanthrylene. triphenylene, pyrene, chrysene, ple.adene, p.cene. per^ene pen- 
taphene. pentacene, benzophenanthrene, anthraquinone. anthrone, benzanthrone. 2.7-d.methoxynaph haene. 
2 ethyl-9.10-dimethoxyanth ra cene. 9.10-dimethylanthracene, 9-ethoxyanthracene, 1 2-naphthoqu.none 9-fluorene, 
and the Compounds of general formulas (29) and (30) below, fused heterocyclic denvat.ves such "»«"°^"»- 
9-one, thianthrene, and dibenzothiophene; benzophenone derivatives such as 2 . 3 4 - tr,h y dro ^ b ^^ P ^ n T:^ 3 :i " 
tetrahydroxybenzophenone. 2.4-dihydroxybenzophenone. 3,5-dihydroxybenzophenone, .^^^^ 
none and 4^bis(dimethylamino)benzophenone; and squaric actf derivatives such as squanc acd and d.methyl squa- 



rale. 



(R") 




c 



{(R^COOR")],. (29) 




(30) 



In the formulas. R« to R" are independently hydrogen, straight or branched alkyl, stra.ght or bra nched alkoxy. s raight 
or branched alkoxyalkyl. straight or branched alkenyl, or aryl. is a substituted or unsubst.tuted d,valent alphaUc 
hydrocarbon group which may contain an oxygen atom, a substituted or unsubstituted d^alent ahcychc W™»*on 
gS which may Contain an oxygen atom, a substituted or unsubstituted divalent aromatic hydrocarbon grcup wh.ch 
may contain an oxygen atom, or an oxygen atom. Also. R*s is an acid labile group; the letter J is 0= or 1, E, F, and G 
are each 0 or inteqers from 1 to 9; H is a positive integer from 1 to 1 0; and E+F+G+H £ 1 0 

XTetratht or branch^ alkoxy, straight or branched alkoxyalkyl. straight or branched alkenyl. or aryl. Pre arable 
examples of the straight or branched alkyl groups include those having 1 to 10 carbon atoms such as me hy ethy 
3 isopropyl, n butyl, sec-butyl, tert-butyl. hexyl. cyclohexyl. and adamantyl; of these the use of mettyl ethyl 
JSSk °< terSuty. is aspect preferred. Preferable examples of straight or branched a koxy gr 
having no 8 carbon atoms, such as methoxy. ethoxy. propoxy. isopropoxy. n-butoxy. sec-butoxy. 
and c?c.ohexyloxy; of these, the use of methoxy. ethoxy. isopropoxy. and tert-butoxy is es ^^"^^ 
examples of L straight or branched alkoxyalkyl groups include those hav.ng 2 to 10 «rbon atoms^ "J^JJ 
oxymethyl. 1 -ethoxyethyl. 1 -ethoxypropyl, 1 -propoxyethyl, and tert-butoxy ethy I; of these, the use of methoxymethyl, 
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l-ethoxyethyl. 1 -ethoxypropyl, and 1 -propoxyethyl is especially preferred. Preferable examples of the straight or 
branched alkenyl groups include those having 2 to 4carbon atoms, such as vinyl, propenyl. allyl, and butenyl Preferable 

™f«? t« ^ 9r ° UpS i0ClUde thOSe navi " 9 6 to 14 ca * on atoms - such as P^nyl, xylyl. toluyl. and cumenyl 
[0161] R« ls a substituted or unsubstituted divalent aliphatic hydrocarbon group which may contain an oxygen atom 
a substrtuted or unsubstituted divalent alicyclic hydrocarbon group which may contain an oxygen atom, a substituted 
or unsubstituted divalent aromatic hydrocarbon group which may contain an oxygen atom, or an oxygen atom" and J 
in the formula is 0 or 1 . When J is 0. the -R 64 - linkage is a single bond. 

[01 62] Preferable examples of substituted or unsubstituted divalent aliphatic hydrocarbon groups which may contain 
an oxygen atom include those having 1 to 10 carbon atoms, such as methylene, ethylene, n-propylene. isopropylene 
sec-butylene, -C^O-. -CH 2 CH 2 0-. and -CH 2 OCH 2 -. Of these, methylene, ethylene. -CH 2 0-, and 
-CH 2 CH 2 0- are preferable. * 

[01 63] Preferable examples of substituted or unsubstituted divalent alicyclic hydrocarbon groups which may contain 
an oxygen atom include those having 5 to 10 carbon atoms, such as 1.4-cyclohexylene, 2-oxacyctohexan-1 4-vlene 
and 2-thiacyclohexan-1,4-ylene. ' 
[01 64] Preferable examples of substituted or unsubstituted divalent aromatic hydrocarbon groups which may contain 
an oxygen atom include those having 6 to 14 carbon atoms, such as o-phenylene. p-phenylene, 1 2-xylen-3 6-ylene 
to '^ ' 5 ; y ' e " e - f" d 1-c"men-2.5-ylene; and alrylalkylene groups having 6 to 14 carbon atoms, such as 
-CH-jPh-.-CH-jPhCHj-, -CH 2 Ph-. and -OCH 2 PhCH 2 0- (wherein Ph stands for phenylene) 

[01 65] R6S is an acid | abite group ^ e term 'acid labile group- referring here to a moiety in which a carboxyl group 
has been substrtuted with one or more functional groups cleavable in the presence of an acid. This may be any moiety 
which cleaves in the presence of an acid to liberate an alkali-soluble functional group, although moieties having general 
formula (31a). (31b). or (31c) below are preferred. H9«"er d i 

25 R" R« R" 

-C-R" -Si-R» -A-0-R- 

R 67 R« R* 7 
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[01 66] In the formulas, R<* to Ft* are Independently hydrogen or a straight or branched alkyi. straight or branched 
alkoxy, straight or branched alkoxyalkyl, straight or branched alkenyl. or aryl, any of which groups may have a carbonyl 
on the cham thereof, provided that R<* to R<» are not all hydrogen. R*6 and R*7 may bond together to form a ring R<* 
is a straight or branched alkyl, straight or branched alkoxyalkyl. straight or branched alkenyl, or aryl, any of which may 
have a carbonyl on the chain thereof. R 69 may bond with to form a ring. 

[0167] These straight or branched alkyl, straight or branched alkoxy, straight or branched alkoxyalkyl, straight or 
branched alkenyl, and aryl groups are exemplified by the same groups mentioned above for R* 1 to R*3 
[0168] Examples of rings formed by the combination of Pf* and R^r in formula (31a) include those having 4 to 10 
carbon atoms, such as cyclohexylidene, cyclopentylidene, 3<5xocyclohexylidene 8 3-oxo^-oxacyclohexylidene and 
4-methylcyclohexylidene. 

[0169] Examples of rings formed by the combination of R&s and R*7 in formula (31b) include those having 3 to 9 
carbon atoms, such as 1-silachlorohexylidene, 1-silacyclopentylidene, 3^xo-1 -silacyclopentylidene, and 4-methyl- 
1-silacyclopentylidene. 7 

[01 70] Examples of rings formed by the combination of R*9 and R*6 in formula (31c) include those having 4 to 1 0 
carbon atoms, such as 2-oxacyclohexylidene, 2^xacyclopentylidene, and 2-oxa^-methylcyclohexylidene 
[0171] Exemplary groups represented by the formula (31 a) include tertiary alkyl groups having 4 to 10 carbon atoms 
such as tert-amyl, 1 , 1 -dimethylethyl, 1,1-dimethylbutyl, 1 -ethyM -methylpropyl, and 1,1-diethylpropyl: and 3-oxoalkyi 
groups, such as 1,1^dimethyl-3-oxobutyl, 3-oxocyclohexyl, and 1 -methyl-3-oxo-4-oxacyclohexyl 
50 [01 72] Exemplary groups represented by the formula (31 b) include trialkylsilyl groups having 3 to 1 0 carbon atoms 
such as tnmethylsiiyl, ethyldimethylsilyl, dimethylpropylsilyt, diethylmethylsilyl, triethylsilyl, and tertbutyldimethyisilyl ' 
[0173] Exemplary groups represented by the formula (31c) include groups having 2 to 8 carbon atoms such as 
1-methoxymethyl, 1 -methoxyethyl, 1 -ethoxyethyl, 1 -ethoxypropyl, 1-ethoxyisobutyt, 1 -n-propoxyethyl, 1 -tert-butoxye- 
thyl, 1-n-butoxyethyl, 1 -isobutoxyethyl, 1 -tert-pentoxyethyl, 1 -cyclohexyloxy ethyl. 1 -(^-n-butoxyethoxyjethyl 1-(2'- 
ethylhexytoxy)ethyl, 1 -{4 l -(acetoxymethyl)cyclohexylmethyloxy}ethyl, 1 -{4'-(tert-butoxycarbonyloxymethy0cyclohexyl- 
methyloxy}ethyl, 2-methoxy-2-methylethyl, 1 -ethoxypropyl, dimethoxymethyl, diethoxymethyl, tetrahydrofuranyl and 
tetrahydropyranyl. 7 

[0174] In above formulas (29) and (30), E, F and G are each 0 or positive integers from 1 to 9, and H is a positive 
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J555 'Tei^e o^pSs^^s^en^ by formu.as (29) and (30) Mud. the compounds shown in 
formulas (32a) to (32j) below. ;f/ 
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CHtOCHiCOOR 71 
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r01761 In these formulas, R 70 is an acid labile group. ^ in h fl n lf hc. t ifnY 
0177^ Further examples ot the UV absorber include diarylsulfoxide derivatives such " ^^SSSSS- 
de bs(4-tert-butoxyphenyl)sulfoxide. bis(4-tert-butoxycarbonyloxyphenyl)sulfox,de, and b>s[4-(1 ^thoxyethoxy)phe 

1$S£m eJ£**L derivatives such as bis(4-hydroxyphenyl)sulfone, 

(4 ert-butoxycarbonyloxyphenyOsuHone, bis[4-(1 -ethoxyethoxy)phenyl]su.fone and b jf^^/^£"^ 
sul one- diazo compounds such* as benzoquinonediazide, naphthoquinoned>az,de, anthraqumoned.az.de, d.azofiu- 
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oreno, diazotetralone, and diazophenanthrone; and quinonediazide group-containing compounds such as the complete 
or partial ester compounds of naphthoquinone-1,2-diazide-5-sulfonate chloride with 2,3,4-trfriydroxybenzophenone, 
and the complete or partial ester compounds of 2-diazide-4-sulfonate chloride with 2,4,4 , -trihydroxybenzophenone. 
[01 78] Preferable examples of the U V absorber include tert-butyl 9-anthracenecarboxylate, tert-amyl 9-anthracene- 
5 carboxylate, tert-methoxymethyl 9-anthracenecarboxylate, tert-ethoxyethyl 9-anthracenecarboxylate, tert-tetrahydro- 
pyranyl 9-anthracenecarboxylate, tert-tetrahydrofuranyl 9-anthracenecarboxylate, and partial ester compounds of 
naphthoquinone- 1 ,2-diazide-5-sutfonate chloride with 2,3,4-trihydroxybenzophenone. 

[01 79] The U V absorber used as component (H) is included in an amount of preferably 0 to 1 0 parts, more preferably 
0.5 to 10 parts, and even more preferably 1 to 5 parts by weight, per 100 parts by weight of the base resin. 
10 [01 80] The resist composition of the invention may additionally include, as component (I), an acetylene alcohol de- 
rivative for the purpose of enhancing the shelf stability. 

[0181] Examples of compounds preferred for use as the acetylene alcohol derivative include those having general 
formulas (33) and (34) below. 

15 

R 72 

R n_ CsCH =_ RM (33 ) 
20 O-CCHzCItOr-H 



R 74 R 7Z 
I I 
R 75 -C-OC-C-R 73 

H^OCftCHzhrO O^CHcCHzOrH (34) 

[0182] In the formulas, R 71 , R 72 , R 73 , R 74 , and R 75 are each hydrogen or a straight, branched, or cyclic alkyl of 1 to 
8 carbon atoms; and X and Y are each 0 or a positive integer, satisfying 0sX^30,0sY<30, and 0 £ X+Y S 40. 
[01 83] Preferable examples of the acetylene alcohol derivative include Surfynol 61 , Surfynol 82, Surfynol 104, Surfy- 
nol 104E, Surfynol 104H, Surfynol 104A, Surfynol TG, Surfynol PC, Surfynol 440, Surfynol 465, and Surfynol 485 from 
Air Products and Chemicals Inc., and Offin E1004 from Nisshin Chemical Industry K.K. 

[0184] The acetylene alcohol derivative is added in an amount of preferablyO.01 to 2% by weight, and more preferably 
0.02 to 1% by weight, per 100% by weight of the resist composition. Less than 0.01% by weight would be ineffective 
for improving coating characteristics and shelf stability, whereas more than 2% by weight would result in a resist having 
a low resolution. 

[01 85] The resist composition of the invention may include, as an optional ingredient, a surfactant which is commonly 
used for improving the coating characteristics. Optional ingredients may be added in conventional amounts so long as 
this does not compromise the objects of the invention. 

[0186] A nonionic surfactant is preferred, examples of which include perfluoroalkyl polyoxyethylene ethanols, fluor- 
inated alkyl esters, perfluoroalkylamine oxides, and fluorinated organosiloxane compounds. Illustrative examples in- 
clude Florade FC-430and FC-431 from Sumitomo 3M Ltd.. Surflon S-141, S-145, S-381 and S-383 from Asahi Glass 
Co., Ltd., Unidyne DS-401, DS-403, and DS-451 from Daikin Industries Ltd., Megafac F-8151, F-171, F-172, F-173 
and F-177 from Dainippon Ink & Chemicals, Inc., and X-70-092 and X-70-093 from Shin-Etsu Chemical Co., Ltd. 
Preferred surfactants include Florade FC-430 from Sumitomo 3M Ltd. and X-70-093 from Shin-Etsu Chemical Co.', Ltd. 
[01 87] Pattern formation using the chemical amplification positive resist composition of the invention may be carried 
out by a known lithographic technique. For example, the resist composition may be applied onto a substrate such as 
a silicon wafer by spin coating or the like to form a resist film having a thickness of 0.5 to 2.0 um. which is then pre- 
baked on a hot plate at 60 to 150°C for 1 to 10 minutes, and preferably at 80 to 120°C for 1 to 5 minutes. A patterning 
mask having the desired pattern may then be placed over the resist film, and the film exposed through the mask to an 
electron beam or to high-energy radiation such as deep-UV rays having a wavelength below 300nm, an excimer laser, 
or x-rays in a dose of about 1 to 200mJ/cm 2 , and preferably about 10 to 1 00mJ/cm 2 , then post-exposure baked (PEB) 
on a hot plate at 60 to 150°C for 1 to 5 minutes, and preferably at BO to 120°C for 1 to 3 minutes. Finally, development 
may be carried out using as the developer an aqueous alkali solution, such as 0.1 to 5%, and preferably 2 to 3%, 
tetramethylammonium hydroxide (TMAH), this being done by a conventional method such as dipping, puddling, or 
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spraying for a period of 0.1 to 3 minutes, and preferably 0.5 to 2 minutes. These steps result in the formation of the 
desired pattern on the substrate. Of the various types of high-energy radiation that may be used, the resist composition 
of the invention is best suited to fine pattern formation with, in particular, deep-UV rays having a wavelength of 193 to 
254nm, an excimer laser, x-rays, or an electron beam. The desired pattern may not be obtainable outside the upper 
and lower limits of the above range. 

[0188] The chemical amplification type positive working resist composition comprising the polymer of the invention 
is sensitive to high-energy radiation, has excellent sensitivity, resolution, and plasma etching resistance, and provides 
a resist pattern of outstanding thermal stability and reproducibility. Moreover, the resulting pattern is less prone to 
overhang formation and has an excellent dimensional controllability. The additional formulation of an acetylene alcohol 
derivative improves shelf stability; Because these features of the inventive resist composition enable its use particularly 
as a resist having a low absorption at the exposure wavelength of a KrF excimer laser, a finely defined pattern having 
sidewalls perpendicular to the substrate can easily be formed, making the resist ideal as a micropatteming material in 
VLSI fabrication. 



EXAMPLE 

[0189] Examples of the present invention are given below by way of illustration and not by way of limitation. 
Synthesis Example 1 

Synthesis of carboxylic acid-terminated poly(p-1-ethoxyethoxystyrene-p-tert-butoxycarbonyloxystyrene-p- 
hydroxystyrene) 

[01 90] A 2-liter flask was charged with 700 ml of tetrahydrof uran as a solvent and 7x1 0" 3 mol of sec-butyl lithium as 
an initiator. 100 g of p-tert-butoxystyrene was added to this mixture at -78°C, which was stirred for 1 hour for polym- 
erization. The reaction solution turned red. For converting into carboxylic acid terminals, the polymerization was ter- 
minated by adding 1 .4x1 0-^ol of tert-butyl chloroacetate to the reaction solution. 

[0191] Next, the reaction mixture was poured into methanol whereupon the resulting polymer precipitated. The pre- 
cipitate was separated and dried, yielding 99g of a white polymer (tert-butyl carboxylate-terminated po!y(p-tert-butox- 
ystyrene)). This polymer had a weight average molecular weight of I.4x10*g/mol as measured by the light scattenng 
method. With respect to the molecular weight distribution as determined from a GPC elution curve s the polymer was 
found to have a high monodispersity (Mw/Mn = 1 .07). 

[0192] The resulting tert-butyl carboxylate-terminated poly(p-tert-butoxystyrene), 90g, was dissolved in 900ml of 
acetone. With a minor amount of cone, hydrochloric acid added, the solution was stirred at 60°C for 7 hours. This was 
poured into water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 60g of a 
polymer The polymer had a weight average molecular weight of 1.0x1 0*g/mol. Based on the observation in 1 H-NMR 
of no peak attributable to a tert-butyl group and the presence of C=0 at 1 70 ppm in 1 3 C-NMR, this polymer was found 
to be a carboxylic acid-terminated potyhydroxystyrene having a narrow dispersity. 

[01 93] The resulting carboxylic acid-terminated polyhydroxystyrene, 1 ,000g, was dissolved in 1 ,000ml of tetrahydro- 
f uran, and a catalytic amount of p-toluenesulfonic acid was added thereto. With stirring at 30°C. 30g of ethyl vinyl ether 
was added After 1 hour of reaction, the reaction solution was neutralized with cone, aqueous ammonia. The neutralized 
reaction solution was added dropwise to 10 liters of water whereupon a white solid precipitated. The solid was filtered 
and dissolved in 500ml of acetone. This was added dropwise to 10 liters of water, followed by filtration and vacuum 
drying. On 1 H-NMR analysis of the resulting polymer, it was found that 27% of the hydrogen atoms of hydroxyl groups 
in the carboxylic acid-terminated polyhydroxystyrene had been ethoxyethylated. 

[01 94] The resulting partially ethoxyethoxylated carboxylic acid-terminated polyhydroxystyrene, 50g, was dissolved 
in 500ml of pyridine. With stirring at 45°C, 7g of di-tert-butyl dicarbonate was added thereto. After 1 hour of reaction 
the reaction solution was added dropwise to 3 liters of water whereupon a white solid precipitated. The solid was filtered 
and dissolved in 50ml of acetone. This was added dropwise to 2 liters of water, followed by filtration and vacuum drying. 
The resulting polymer had the structure represented by rational formula (Polym.1), shown later. On ^H-NMR analysis 
of the polymer, it was found that 27% of the hydrogen atoms of hydroxyl groups in the carboxylic acid-terminated 
polyhydroxystyrene had been ethoxyethylated and 8% of the hydrogen atoms had been converted into t-BOC. The 
weight average molecular weight (Mw) and the dispersity (Mw/Mn) ot the polymer are shown in Table 1. 
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Synthesis Example 2 
hydrox^^^^^ 

ES^^SESS^ ********* <~ stained as in Synthesis Example 1 except that the 

!°! fl 9 l J he carb fy |ic acid-terminated polyhydroxystyrene. 50g, was dissolved in 500 ml of tetrahydrofuran and a 
2SJ am p - to uenesuHonic acid was addad thereto. Wrth stirring at 40-C, 27g of ethoxypropenyl ether was 
added. After 12 hours of reaction, the reaction solution was neutralized with cone, aqueous ammonia T^e neutral^d 
reaction solufion was added dropwise to 10 liters of water whereupon a white solid Jrecipi^TSe soM wasXS 

d^nfon^H^ 0 "' ? aC ?«? 8 - ™". 3dded drOPWiSe ,0 10 li,ere ° f ^.followed by filtratS al urn 
ST. 9 ^ V T ^ 01 the ' esMm9 P ° lymer ' " WB " found tha1 24% of the hydrogen atoms of hydroxyl groups 
.nihecartjoxyl.cac.d-terminatedpolyhydroxystyrenehadbeenethoxypropylated or nyoroxyi groups 

t01 K 9 5 • ™ a re f ultina - P artial| y ethoxypropoxylated, carboxylic acid-terminated polyhydroxystyrene 50q was dis- 
solved ,n 500 m. of pyridine. With stirring at 45'C. 8g of di-tert-butyl dicarbonate was adde^thereto St 1 hou^ of 
reac ion. the react™ solution was added dropwise to 3 liters of water whereupon a white solid pStated The io£ 
was filtered aad dissolved in 50m. of acetone. This was added dropwise to 2 liters of wateTfolKSSra^S 

NMR U ^ 9 0 MH e T" P ° lymer th ° StfUCtUre fePreSen,ed ^ rati0nal fo "™ b < P °'^-2). shown tote" On "h 
tem^S^ « ^ r ef> " u W9S '° Und ,ha1 24% ° f thS hy£ "° 9en a,oms of WW groups in me carboxy.ic aJd- 
£c ™ B '22? l° XyS,yrene 1 had 1 bee " a thoxypropy te ,ed and 11% of the hydrogen atoms had been converted hto 
t-BOC. The we.ght average molecular weight (Mw) and the dispersity (Mw/Mn) of the polymer are shown in Table 1. 

Synthesis Example 3 

Synthesis of alcohol-terminated poly(p-1-ethoxyethoxystyrene-p-tert-butoxycarbonybxystyrene-p-hydroxystyrene) 

v ♦ A t™' fl f Sk " aB Charged With 700 ml of tetra hy*°h"an as a solvent and 7x10-3 m ol of sec-butyl lithium as 
SETS. ? 1 p - ten y°W™ ™ addad * this mbrture at -78'C. which was stirred for 1^fl pojme " 

[0199] Next, ihe reaction mixture was poured into methanol whereupon the resulting polymer precipitated The pre- 
cipitate was separated and dried, yielding 99g of a white polymer (alcohol-terminated K-.ertLcCanS I 

SpTct r to ad 3 W T 9ht , T m ° ,eCU,ar W6i9ht ° f 1 • 4Xl049/m ° l as mea6urad "V *° St scatte^ methS 
^Z ^^Z^Xr" " determinedfroma GPC **» — ■ - I"*"- was 9 ,oundto have 
[0200] The resulting alcohol-terminated poly(p-tert-butoxystyrene). 90g, was dissolved in 900ml of acetone With a 
whereupon the resultmg polymer prec.pitated. Subsequent washing and drying yielded 60g of a polymer The polymer 
to 1 ? e rh?™ aVera9 ° ^t CU ' ar W9i9ht °' 1 0x104 9 /mo1 - Basad <« the observation in 1 H-NMR of no peak S 
wat ou^d tn K rOUP 8 J? PreS6nCe * CHa ° H 31 417 - 4 - 2 8PPm in 'H-NMR and 58ppm in 13 C -NMR, S^S 
was found to be an alcohol-terminated polyhydroxystyrene having a narrow dispersity. 

;nd°IL,?K! re ^ ttin9 f IC .° h0Merminated P o| yhydroxystyrene. 100g, was dissolved in 1 ,000ml of dimethyfformamide 
and a catalyhc amount of pyndmium p-toluenesulfonate was added thereto. With stirring at 30»C 30g of eZTv inyi 
ether was added. After 16 hours of reaction, the reaction solution was neutralized with cone aqueous^monS ThJ 

was TT lH? ST added dropwi8e to 10 liters 01 ™* et whereupon a «» SSSSZTSTS 

was filtered and dissolved m 500ml of acetone. This was added dropwise to 10 (Hers of water, followed by filtrated 
vacuum .drying. Or ,i H-NMR analysis of the resulting polymer. R was found ^ zr* « to ^fogl^^S^ 
groups in the alcohol-terminated polyhydroxystyrene had been ethoxyethylated nyoroxyi 
Sn 02 ! f Th8 J eSU IS^ Paftia " y ethox y eth °*ylated. alcohol-terminated polyhydroxystyrene. 50g. was dissolved in 
feac^n Zt T * ^ ?9 °' ***°™"> «™ added thTreTo. After 1 hour of reacfion the 

Ind ^ ™ addSd d, ° PWiSe t0 3 ' HerS ° f Water hereupon a white solid precipitated. The so.id was tittered 
" a**"' * a ^one. This was added dropwise to 2 liters of water, fo.lowed by filtration and vacuum 
dnymg. The resulting polymer had the structure represented by rational formula (Polym.3). shown later. On 'H-NMR 
analysis of the potymer. it was found that 27% of the hydrogen atoms of hydroxyl groups in the alcohol-terminated 
polyhydroxystyrene had been ethoxyethylated and 8% of the hydrogen atoms had been converted^ n££ tt 
weight average molecular weight (Mw) and the dispersity (Mw/Mn) of the polymer are shown in Table 1. 
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ftynthnsis Example 4 

Synthesis of triphenyl-terminated poly(p-l-ethoxypropoxystyrene-p-hydroxystyrene) 

T02031 A 2-liter flask was charged with 1 ,000ml of tetrahydroturan as a solvent and 2.4x1 0*mol of sec-butyl lithium 
[ ^]n^Xw™e***lxyWe™ was added to this mbdure at -78'C. which was stirred for 1 hour forpo.ym. 
SSiSTrS reaction solution turned red. For converting into triphenyl terminals, the pofymenzation was terminated 
h« addino 3 0x1 0'^ol of triphenylmethyl chloride to the reaction solution. 

f^0« Next the reaction mixture was poured into methanol whereupon the resulting polymer precp.tated. The pre- 
S wasleDarated and dried yielding 298g of a whits polymer (triphenyl-terminated poly(p-ten4,utoxystyrene)). 
SolXr hadTwefgM average molecularwsight of 1.Vx10*g/mol as measured by the light scattenng method. 
Sh respTcl to l a moleiu.ar weight distribution as datermined from a GPC elution curve, the polymer was found to 

Ssr'SeTs^i^ W was disserved in 1.000m, of aceton. 

Wftn a mJTor amount of cone, hydrochloric acid added, the solution was stirred at 60»C for 7 hours This w* i poured 
^to water whereupon the resutUng potymer precipitated. Subsequent washing and drying Y'elded 125^ , of a polymer. 
The Symor had a weight average molecular weight of gSOOg/mol. Based on the observation ,n 'H-NMR oU nc peak 
attributable to a tert-butyl group and the presence of triphenyl in 1 H-NMR, this polymer was found to be a tnphenyl- 

L cata^ic a^un, of melhanesulfonic acid was added thereto. W«h stirring at 20°C, 25g of ethoxyp ropeny, ether was 
added After 2 hours of reaction, the reaction solution was neutralized wtth cone, aqueous ammonia. The neulrahzed 
Jetton T solution "was added dropwise to 10 liters of water whereupon a white solid precipitated. The solid was filtered 
and IsolJeo in of acetone. Thfc was added dropwise to 10 mere of wate, followed by «on and vacuum 

drying The resulting polymer had the structure represented by rational formula (Polym.4) shown later. On 1H NMR 
aSis of the polymer, it was found that 26% of the hydrogen atoms of hydroxyl groups .n <^ tnphenyl-terminated 
pdyiydro^styrene had been ethoxypropylated. The weight average molecular weight (Mw) and the dispersrty (Mw/ 
Mn) of the polymer are shown in Table 1 : 

30 Synthesis Example 5 

Synthesis of alcohol carooxylic acid-terminated poly(p-l^thoxypropoxystyrene-p-hydroxystyrene) 

r02071 A 2-liter flask was charged with 2.000ml of tetrahydroturan as a solvent and LSxIO^mol of naphthalene 
35 Km as o, p-L-butoxystyrene was added to this mixture at -78-0. i 

for polymerization. The reaction solution turned red. For converting into carboxyl.c acid te rminals Pj^™*" £ 
mination was effected by adding 1.5x10* molof carbon dioxide gas dissolved in tetrahydroturan to the r ^ct» n solution. 
AddftionaT for converting into hydroxy terminals, the polymerization termination was effected with 1x1 0-*mo I of tn- 
SSSSSb ETetrahydrofuran added, and thereafter. 1x1 0*mo, of acetic acid and 1 .5x10^0. of aqueous hydro- 

40 ?oX°N d ext W tne reaction mixture was poured into methanol whereupon the resuming potymer precipitated The pre- 
SpSte wis separated and dried, yielding 196g of a white potymer (alcohol carboxyl.c ac,d - te ^' n ^ he P 2s C Tt- 
butowstvrene)) This polymer had a weight average molecular weight of 1 6x10*g/mol as measured by the light scat 
SSSSSS With ^pec, to me molecular weight dilution as determined from a GPC elution curve, the potymer 

45 was found to have a high monodispersity (Mw/Mn = 1 .05). nnnmi 
ro2Wl The resulting alcohol carboxylic acid-terminated polytp-tert-butoxystyrene), 190g was dissolved ,n VOOOml 
5 2LTiS; a mfnor amount of cone, hydrochloric acid added, the solution was stir ^ - 
was poured into water whereupon the resulting polymer precipitated. Subsequent washmg and £^"^1 
aTo£mer The polymer had a weight average molecular weight of 9,500g/mol. Based on the observation in 'H-NMR 

so of^kSriSe to a ten-b^l 9-p, the presence of C=0 at 170 PP m in "^SSSSX 2£ 

OH at 4 17-4 28ppm in 1 H-NMR and at 58ppm in 13 C-NMR, this polymer was found to be an alcohol carboxylic acid 
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ym.5), shown bier. On 'H-NMR analysis of the polymer, it was found that 28% of the hydrogen atoms of hydroxy I 
groups in the alcohol carboxylic acid-terminated polyhydroxystyrene had been ethoxypropylated. The weight average 
molecular weight (Mw) and the dispersity (Mw/Mn) of the polymer are shown in Table 1 . 

Synthesis Examoe 6 

Synthesis of carboxylate-terminated, Methylene glycol divinyl ether-crosslinked poly(p-1-ethoxyethoxystyrene-o- 
hydroxystyrene) 7 1 ^ 

[021 1 ] A 2-liter flask was charged with 1 ,000ml of tetrahydrof uran as a solvent and 1 .6x1 0-^mol of sec-butyl lithium 
as an initiator. 200g of p-tert-butoxystyrene was added to this mixture at -78°C, which was stirred for 1 hour for polym- 
erization. The reaction solution turned red. For converting into carboxylate terminals, the polymerization was terminated 
by adding 1.4x10* 2 mol of ethyl chlorocarbonate to the reaction solution. 

[021 2] Next, the reaction mixture was poured into methanol whereupon the resulting polymer precipitated The pre- 
cipitate was separated and dried, yielding 1 98g of a white polymer (carboxylate-terminated poly(p-tert-butoxystyrene)) 
This polymer had a weight average molecular weight of 1.2x10*g/mol as measured by the light scattering method 
With respect to the molecular weight distribution as determined from a GPC elution curve, the polymer was found to 
have a high monodispersity (Mw/Mn = 1 .03). 

[0213] The resulting carboxylate-terminated polyfp-tert-butoxystyrene), 190g, was dissolved in 900ml of acetone 
With a minor amount of cone, hydrochloric acid added, the solution was stirred at 60°C for 7 hours. This was poured 
into water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 60g of a polymer. 
The polymer had a weight average molecular weight of 8,500g/mol. Based on the observation in 1 H-NMR of no peak 
attributable to a tert-butyl group and the presence of C=0 at 170 ppm in 13 C-NMR, this polymer was found to be a 
carboxylate-terminated polyhydroxystyrene having a narrow dispersity. 

[0214] In a 2-liter flask, 1 0Og of the carboxylate-terminated polyhydroxystyrene was dissolved in 1 ,000ml of dimeth- 
ylformamide, and a catalytic amount of p-toluenesulfonic acid was added thereto. With stirring at 20°C, 4g of Methylene 
glycol divinyl ether was added, followed by 1 hour of reaction. Then 22g of ethyl vinyl ether and 4g of Methylene glycol 
divinyl ether were added, followed by 1 hour of reaction. The reaction solution was neutralized with cone, aqueous 
ammonia. The neutralized reaction solution was added dropwise to 10 liters of water whereupon a white solid precip- 
itated. The solid was filtered and dissolved in 500ml of acetone. This was added dropwise to 1 0 liters of water, followed 
by filtration and vacuum drying. The resulting polymer had the structure represented by rational formula (Polym 6) 
shown later. On TH-NMR analysis of the polymer, it was found that 30% of the hydrogen atoms of hydroxyl groups in 
the carboxylate-terminated polyhydroxystyrene had been ethoxyethylated and 3% crosslinked. The weight averaqe 
molecular weight (Mw) of the polymer are shown in Table 1 . 

Synthesis Example 7 

Synthesis of alcohol-terminated, 1,4^di-vinyloxymethylcyclohexane-crosslinked poly(p-1-ethoxyethoxystyrene-p-tert- 
butoxycarbonyloxystyrene-p-hydroxystyrene) 

[021 5] A 2-liter flask was charged with 3,000ml of tetrahydrof uran as a solvent and 2. 1 x1 0"3mol of sec-butyl lithium 
as an initiator. 300g of p-tert-butoxystyrene was added to this mixture at -78°C, which was stirred for 1 hour for polym- 
erization. The reaction solution turned red. For converting into alcohol terminals, the polymerization was terminated 
by adding LOxlO^mol of ethylene oxide to the reaction solution. 

[021 6] Next the reaction mixture was poured into methanol whereupon the resulting polymer precipitated The pre- 
cipitate was separated and dried, yielding 295g of a white polymer (alcohol-terminated poly(p-tert-butoxy-styrene)) 
This polymer had a weight average molecular weight of 1.4xin4g/mol as measured by the light scattering method 
With respect to the molecular weight distribution as determined from a GPC elution curve, the polymer was found to 
have a high monodispersity (Mw/Mn = 1 .05). 

[021 7] The resulting alcohol-terminated poly(p-tert-butoxy-styrene), 200g, was dissolved in 2,000ml of acetone. With 
a minor amount of cone, hydrochloric acid added, the solution was stirred at 60°C for 7 hours. This was poured into 
water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 1 30g of a polymer. The 
polymer had a weight average molecular weight of I.OxlO^g/moL Based on the observation in 1 H-NMR of no peak 
attnbutable to a tert-butyl group and the presence of CH 2 -OH at 4.l7-4.28ppm in 1 H-NMR and SBppm in 13C-NMR, 
this polymer was found to be an alcohol-terminated polyhydroxystyrene having a narrow dispersity. 
[0218] In a 2-liter flask, 1 0Og of the alcohol-terminated polyhydroxystyrene was dissolved in 1 ,000ml of dimethylfor- 
mamide. and a catalytic amount of p-toluenesulfonic acid was added thereto. With stirring at 20*C, 15g of ethyl vinyl 
ether and 9g of 1 .4-divinyloxymethylcyclohexane were added. After 1 hour of reaction, the reaction solution was neu- 
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tralized with cone, aqueous ammonia. The neutralized reaction solution was added dropwise to 1 0 liters of water where- 
upon a white solid precipitated. The solid was filtered and dissolved in 500ml of acetone. This was added dropw.se to 
10 liters of water, followed by filtration and vacuum drying. On 'H-NMR and ^-NMR analysis of the resultmg polymer 
it was found that 18% of the hydrogen atoms of hydroxyl groups in the alcohol-terminated polyhydroxystyrene had 

been ethoxyethylated and 4% crosslinked. 

[0219] The partially crosslinked, alcohol-terminated, ethoxyethoxylated polyhydroxystyrene, 50g, was dissolved in 
500ml of pyridine. With stirring at 45°C, 12g of di-tert-butyl dfcarbonate was added thereto After 1 hour reacts 
the reaction solution was added dropwise to 3 liters of water whereupon a white solid prec.prtated. The sold was filtered 
and dissolved in 50ml of acetone. This was added dropwise to 2 liters of water, followed by miration ard vacuum dry^a 
The resulting polymer had the structure represented by rational formula (Polym.7), shown later. On H-NMR analysis 
of the polymer, it was found that 18% of the hydrogen atoms of hydroxyl groups in the alcohol-terminated P°WydioK- 
ysty rene had been ethoxyethylated, 4% crosslinked, and 1 0% of the hydrogen atoms had been tert-butoxycarbonylated. 
The weight average molecular weight (Mw) of the polymer are shown in Table 1. 

Synthesis Example 8 

Synthesis of carboxylic acid-terminated, 1 ,2-ethane diol divinyl ether-crosslinked poly(p-1 -ethoxyethoxystyrene-p- 
hydroxystyrene) 

[0220] A carboxylic acid-terminated polyhydroxystyrene was obtained as in Synthesis Example 1 except that the 
termination was effected with CO z . 

[0221] The carboxylic acid-terminated polyhydroxystyrene, 200g, was dissolved in 2.000 ml of tetrahydrofuran, and 
4g of methanesulfonic acid was added thereto. With stirring at 30»C. 44g of 2-chloro-2-ethoxyethyl was added followed 
by 3 hours of reaction. Then 10g of 1 ,2-ethane diol divinyl ether was added, followed by 0.5 hour of reaction. The 
reaction solution was neutralized with cone, aqueous ammonia. The reaction solution was solvent exchanged with 
ethyl acetate and was purified six times by liquid-liquid extraction using pure water and a small amount ot acetone. 
This was followed by solvent exchange into acetone, then dropwise addition to 20 liters of pure water, yielding a white 
solid The solid was collected by filtration, washed twice with pure water, then collected again by filtration and vacuum 
dried The resulting polymer had the structure represented by rational formula (Polym.8), shown later. On 1 H-NMR 
and 13C-NMR analysis of the polymer, it was found that 20% and 4% of the hydrogen atoms of hydroxyl groups in the 
carboxylic acid-terminated polyhydroxystyrene had been ethoxyethylated and crosslinked, respectively, and 20% , dt 
the carboxylic acid terminals had been ethoxyethylated. The weight average molecular weight (Mw) of the polymer are 
shown in Table 1 . 

Synthesis Example 9 

Synthesis of alcohol-terminated, 1 ,4-dimethylcyclohexyl-dichloroethylether-crosslinked poly(p- 
1-ethoxypropoxystyrene-p-tert-butoxycarbonyloxystyrene-p-hydroxystyrene) 

[02221 A 2-liter flask was charged with 1 ,000ml of tetrahydrofuran as a solvent and 5x1 O^mol ol sec-butyl lithium as 
an initiator. 100g of p-tert-butoxystyrene was added to this mixture at -78°C. which was stirred for 1 hour for pofrnwr- 
ization. The reaction solution turned red. For converting into alcohol terminals, the polymerization was terminated by 
adding 5xl0- 2 mol of ethylene oxide to the reaction solution. 

[0223] Next the reaction mixture was poured into methanol whereupon the resulting polymer precipitated. The pre- 
cipitate was separated and dried, yielding 99g ot a white polymer (alcohol-terminated poly(p-tert-butoxystyrene)). This 
polymer had a weight average molecular weight of 1.9x104g/mol as measured by the light scattering method. Wrth 
respect to the molecular weight distribution as determined from a GPC elution curve, the polymer was found to have 
a high monodispersity (Mw/Mn = 1 .09). 

[0224] The resulting alcohol-terminated poly(p-tert-butoxystyrene), 90g, was dissolved in 1 ,000ml of acetone. Witti 
a minor amount of cone, hydrochloric acid added, the solution was stirred at 60'C for 7 ^^™J£*!™ 
water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 60s , of a polymer. The 
polymer had a weight average molecular weight of 1.0x10*g/mol. Based on the observation in i H-NMR of £0 peak 
attributable to a ten-butyl group and the presence of CH 2 -OH at 4.17-4.28ppm in ^H-NMR and 58ppm m 13 C-NMR, 
this polymer was found to be an alcohol-terminated polyhydroxystyrene having a narrow d"spersrty 
[02251 In a 2-liter flask. 50g of the alcohol-terminated polyhydroxystyrene was dissolved in 1 .OOOrnl of tetrahydro- 
uran. and 3.9g of methanesulfonic acid was added thereto. With stirring at 30°C, 9g of 

added, followed by 3 hours of reaction. Then 4g of 1 ,4-dimethylcyclohexyl diehloroethyl ether was added, foltowed by 
0 5 hour of reaction. The reaction solution was neutralized with cone, aqueous ammonia. The reaction solutwn was 
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solvent exchanged with ethyl acetate and was purified six times by liquid-liquid extraction using pure water and a small 
amount ot acetone. This was followed by solvent exchange into acetone, then dropwise addition to 20 liters of pure 
water, yielding a whrte solid. The solid was collected by filtration, washed twice with pure water, then collected again 
by filtration and vacuum dried. 

[0226] The partially crosslinked, alcohol-terminated, ethoxypropoxylated polyhydroxystyrene, 50g, was dissolved in 
300g of pyridine. With stirring at 40°C. 4g of di-tert-butyl dicarbonate was added thereto. After 1 hour of reaction the 
reaction solution was added dropwise to 10 liters of water whereupon a white solid precipitated. The solid was filtered 
and dissolved in 200ml of acetone. This was added dropwise to 2 liters of water, followed by filtration and vacuum 
drying. The resulting polymer had the structure represented by rational formula (Polym.9). shown later On 1 H-NMR 
and 13 C-NMR analysis of the polymer, it was found that 1 9%, 5%, and 4% of the hydrogen atoms of hydroxyl groups 
in the alcohol-terminated polyhydroxystyrene had been ethoxypropoxylated, tert-butoxycarbonylated. and crosslinked 
respectively, and 19% and 4% of the alcohol terminals had been ethoxypropoxylated and crosslinked, respectively! 
The weight average molecular weight (Mw) of the polymer are shown in Table 1. 

Synthesis Example 10 

Synthesis of both end carboxylic acid-terminated, 1 ,4-butane diol divinyl ether-crosslinked pofy(p- 
1 -ethoxyethoxystyrene-p-tert-butoxycarbonyloxystyrene-p-hydroxystyrene) 

[0227] A 2-liter flask was charged with 2,000ml of tetrahydrof uran as a solvent and 3x1 0- 3 mol of naphthalene sodium 
as a both end initiator. 100g of p-tert-butoxystyrene was added to this mixture at -78°C, which was stirred for 1 hour 
for polymerization. The reaction solution turned red. For converting into carboxylic acid dual terminals, the polymeri- 
zation was terminated by adding 2x10^mol of carbon dioxide in tetrahydrof uran to the reaction solution 
[0228] Next, the reaction mixture was poured into methanol whereupon the resulting polymer precipitated The pre- 
cipitate was separated and dried, yielding 99g of a white polymer (both end carboxylic acid-terminated poly(p-tert- 
butoxystyrene)). This polymer had a weight average molecular weight of 1 .5x1 r/g/mol as measured by the light scat- 
tering method. With respect to the molecular weight distribution as determined from a GPC elution curve the polymer 
was found to have a high monodisperstty (Mw/Mn = 1.15). 

[0229] The resulting both end carboxylic acid-terminated poly(p-tert-butoxystyrene), 90g, was dissolved in 900ml of 
acetone. With a minor amount of cone, hydrochloric acid added, the solution was stirred at 60°C for 7 hours. This was 
poured into water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 60g of a 
polymer. The polymer had a weight average molecular weight of LOxlOVmol. Based on the observation in 1 H-NMR 
of no peak attributable to a tert-butyl group and the presence of C=0 at 170ppm in 13 C-NMR, this polymer was found 
to be a both end carboxylic acid-terminated polyhydroxystyrene having a narrow dispersity. 

[0230] In a 2-liter flask, 90g of the both end carboxylic acid-terminated polyhydroxystyrene was dissolved in 1 ,000ml 
of tetrahydrof uran, and 1 g of methanesulfonic acid was added thereto. With stirring at 30°C, 21 g of 2-chloro-2-ethox- 
yethyl was added, followed by 1 hour of reaction. Then 7g of 1 ,4-butane diol divinyl ether was added, followed by 0 5 
hour of reaction. The reaction solution was neutralized with cone, aqueous ammonia. The reaction solution was solvent 
exchanged with ethyl acetate and was purified six times by liquid-liquid extraction using pure water This was followed 
by solvent exchange into acetone, then dropwise addition to 20 liters of pure water, yielding a white solid. The solid 
was collected by filtration, washed twice with pure water, then collected again by filtration and vacuum dried. 
[0231 ] The partially ethoxyethoxylated, both end carboxylic acid-terminated polyhydroxystyrene, 50g was dissolved 
in 500ml of pyridine. With stirring at 45°C, 7g of di-tert-butyl dicarbonate was added thereto. After 1 hour of reaction 
the reaction solution was added dropwise to 3 liters of water whereupon a while solid precipitated. The solid was filtered 
and dissolved in 50ml of acetone. This was added dropwise to 2 liters of water, followed by filtration and vacuum drying 
The resulting polymer had the structure represented by rational formula (Polym.1 0), shown later. On 1 H-NMR and 13 C- 
NMR analysis of the polymer, it was found that 25%, 5%, and 5.5% of the hydrogen atoms of hydroxyl groups in the 
both end carboxylic acid-terminated polyhydroxystyrene had been ethoxyethylated, tert-butoxycarbonylated and 
crosslinked, respectively, and a total of 25% of the carboxylic acid one terminals and both terminals had been ethox- 
yethylated. The weight average molecular weight (Mw) of the polymer are shown in Table 1. 

Synthesis Example 11 

Synthesis of hydroxyl-terminated, propylene glycol divinyl ether-crosslinked poly(p-n-butoxyethoxystyrene-p- 
hydroxystyrene) 

[0232] A 2-liter flask was charged with 3,000ml of tetrahydrof uran as a solvent and 1x10* 2 mol of sec-butyl lithium as 
a both end initiator. 200g of p-tert-butoxystyrene was added to this mixture at -78°C, which was stirred for 1 hour for 
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polymerization. The reaction solution turned red. For converting into hydroxy! terminals. poVmerizatiori , term.na on 
was effected by adding 1x10*mol of trimethoxyborane in tetrahydrofuran to the reaction solut.on, effecting react.on 
for some time, and adding Ix10-2mol of acetic acid and 1.5xl0-2mol of hydrogen peroxide in water. 
r02331 Next the reaction mixture was poured into methanol whereupon the resulting polymer precipitated. The pre- 
cipitate was separated and dried, yielding t98g of a white polymer (hydroxykerminated p^ 
This polymer had a weight average molecular weight of 2.1x104g/mol as measured by the light scattering method. 
With respect to the molecular weight distribution as determined from a GPC elution curve, the polymer was found to 

have a high monodispersrty (Mw/Mn = 1.16). , , „ .„.„. 

r02341 The resulting hydroxyl-terminated poly(p-tert-butoxystyrene), 150g. was dissolved in 900ml of acetone. Wtth 
a minor amount of cone hydrochloric acid added, the solution was stirred at 60°C for 7 hours. Th,s was poured into 
water whereupon the resulting polymer precipitated. Subsequent washing and drying yielded 100g of a .polymer. The 
polymer had a weight average molecular weight of 1.4x10Vmol. Based on the observation m iH-NMR of no peak 
attributable to a tert-butyl group and the presence of CH 2 -OH at 4.17-4.28ppm in 1 H-NMR and SBppm m ™C-NMH, 
this polymer was found to be a hydroxyl-terminated polyhydroxystyrene having a narrow dispersrty 
r02351 In a 2-liter flask, 90g of the hydroxyl-terminated polyhydroxystyrene was dissolved in 1 ,000ml of tetrahydro- 
furan and ig of methanesulfonic acid was added thereto. With stirring at 30'C, 21 g of 2-chloro-2-ethoxybutyl was 
added followed by 1 hour of reaction. Then 7g of propylene glycol divinyl ether was added, followed by 1 hour of 
reaction The reaction solution was neutralized with cone, aqueous ammonia. The reaction solut.on was sofvent ex- 
changed with ethyl acetate and was purified six times by liquid-liquid extraction using pure water. Th!S was followed 
20 by solvent exchange into acetone, then dropwise addition to 20 liters of pure water, yielding a white solid. The solid 
was collected by filtration, washed twice with pure water, then collected again by filtration and vacuum dried .The 
resulting polymer had the structure represented by rational formula (Polym.ll), shown later. On 1 H-NMRand "C-NMR 
analysis of the polymer, it was found that 25% and 5.5% of the hydrogen atoms of hydroxy! groups in the hydroxyl- 
terminated polyhydroxystyrene had been butoxyethylated and crosslinked. respectively, and 6% of the hydroxyl groups 
ss had been butoxyethylated. The weight average molecular weight (Mw) of the polymer are shown in Table 1 . 

Synthesis Example 12 

Synthesis of both end hydroxyl-terminated, 1 ,4-butane diol divinyl ether-crosslinked poty(p-n-butoxyethoxystyrene-p- 
30 hydroxystyrene) 

[0236] A both end hydroxyl-terminated polyhydroxystyrene was obtained as in Synthesis Example 10 except that 
the termination was effected using chtoromethylvinylether. , Q , rahu 
r02371 In a flask. 200g of the both end hydroxyl-terminated polyhydroxystyrene was dissolved in 2,000ml of tetrahy- 

35 drofuran, and 4g of methanesulfonic acid was added thereto. With stirring at 30°C. 44g of 2-chloro-2-ethoxybtfyl was 
added followed by 3 hours of reaction. Then 10g of 1.4-butane diol divinyl ether was added, followed by 0.5 hour of 
reaction The reaction solution was neutralized with cone, aqueous ammonia. The reaction solution was solvent ex- 
changed with ethyl acetate and was purified six times by liquid-liquid extraction using pure water and a small amount 
of acetone. This was followed by solvent exchange into acetone, then dropwise addition to 20 liters o pure water 

40 yielding a white solid. The solid was collected by filtration, washed twice with pure water, then collected again by 
filtration and vacuum dried. , L ..,. n 

r02381 The resulting polymer had the structure represented by rational formula (Polym.1 2). shown later. On H-NMR 
and 13 C-NMR analysis of the poVmer, it was found that 20% and 4% of the hydrogen atoms of hydroxyl groups in the 
both end hydroxyl-terminated polyhydroxystyrene had been butoxyethoxylated and crosslinked, respectively and a 

45 total of 20% of the hydroxyl one terminals and both terminals had been butoxyethylated. The weight average molecular 
weight (Mw) of the polymer are shown in Table 1 . . . 

r02391 The structures of the polymers obtained are shown in the rational formulas below. The respective degrees of 
substitution are given in Table 1. In the formulas shown below, H is a crosslinking group which intermolecuter y or 
intramoleculariy crosslinks the U units shown below, and (R) indicates that the crosslinking group R is in abonded state. 
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Table 1 



Synthesis 
Example 


Proportions (molar ratio) 


Proportions (molar ratio) 


Mwof PHS* 


Mw/Mn of 
PHS* 


Mw of 
polymer 


P 1 | P 2 


ql 


q2 


Y'1 


Y'2 


V3 


1 [Polym.1] 


65 


27 


8 










1.07 


14500 


2 [Polym.2] 


65 


24 


11 










1.06 


15000 


3[Polym.3] 


65 


27 


8 










1.06 


17500 


4 [Polym.4] 


74 


26 










1.10 


12000 



*PHS: polyhydroxystyrene 
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Table 1 (continued) 



Synthesis 
Example 


Proportions (molar ratio) 


Proportions (molar ratio) 


IVJW OI rno 


Mw/Mn of 
PHS* 


Mwof 
polymer 


P1 


P2 


q1 


q2 


Y'1 


Y'2 




5 [Po!ym.5] 


72 


28 










1.05 


13000 


6 [Polym.6] 


3 


67 


30 








8200 


1.03 


25700 


7 [Polym.7] 


4 


6B 


18 


10 








9600 


1.05 


30000 


B [Polym.8] 


4 


76 


20 


80 


20 




9600 


1.06 


32000 


9 [Polym.9] 


4 


72 


19 


5 


77 


19 


4 


13000 


1.09 


28000 


10[Polym.10J 


5.5 


64.5 


25 


5 


75 


25 


10200 


1.15 


36000 


11 [Polym.11] 


5.5 


69.5 


25 


75 


25 




14280 


1.16 


30000 


12[Polym.2] 


4 


72 


24 


80 


20 




9600 


1.10 


28000 



*PHS: poJyhydroxyetyrene 



20 Examples 

[0240] Resist components selected from among the polymers obtained in the foregoing synthesis examples (Polym. 
1 to 1 2) as the base resin, the photoacid generators of the formulas (PAG 1 to 10), dissolution regulators of the formulas 
(DRR 1 and 2), basic compounds, and aromatic compounds bearing a =C-COOH group within the molecule and having 
es the formulas (ACC 1 and 2), all the formulas being shown below, were dissolved in a solvent to form liquid resist 
compositions having the proportions shown in Tables 2 and 3. Where needed, 0.1 part of the surfactant Florade FC- 
430 from Sumitomo 3M Ltd. was added to improve film formability. 

[0241] These compositions were each passed through a 0A\xm Teflon filter to give the finished resist solution. This 
resist solution was spin-coated onto a silicon wafer, following which the coated silicon wafer was baked on a hot plate 

30 at 1 00 D C for 90 seconds. The thickness of the resist film was set at 0.55um. 

[0242] The resist film was exposed through a patterning mask having the desired pattern using an excimer laser 
stepper (NSR-2005EX, from Nikon Corporation; NA = 0.5), then baked at 110°C for 90 seconds and developed for 60 
seconds with a 2.38% solution of tetramethylammonium hydroxide in water, thereby giving a positive pattern. 
[0243] The resist patterns obtained were evaluated as described below. 

35 [0244] First, the sensitivity (Eth) was determined. Next, the optimal exposure dose (sensitivity: Eop) was defined as 
the dose which provides a 1 :1 resolution at the top and bottom of a 0.24um tine-and-space pattern. The resolution of 
the resist under evaluation was defined as the minimum line width of the lines and spaces that separated at this dose. 
The resolution was also examined when the time duration (PED) from exposure at the same dose to heat treatment 
was 2 hours. The shape of the resolved resist pattern was examined under a scanning electron microscope. The 

40 thermal stability test was carried out by heating this resist pattern on a hot plate at 1 30*C for 10 minutes, and examining 
the change in the pattern shape before and after heating. 

[0245] The resist compositions are shown in Tables 2 and 3, and the evaluation results in Examples are shown in 
Table 4. 
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O 6 
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(DRR.2) 



77 



EP 0 908 473 A1 




ACC.l 



CH, 



CH.-COOH 




ACC.2 



R-=H or CH,COOH 
CCHtCOOH] 



CHMCHiCOOH) 



=0.5 



Table 2 





Resist composition 
(proportions in parts by weight appear in parentheses) 




Example 


Base resin 


Photoacid 
generator 


Dissolution 
regulator 


Basic 
compound 


Other 
additives 


Organic 
solvent 


1 


Polym.1 (80) 


PAG.1 (2) 




TEA (0.1) 




PGMEA(400)/ 
EL(100) 


2 


Polym.2 (80) 


PAG. 2 (2) 


DRR.1 (4) 


PEA (0.1) 


ACC.1 (0.1) 


PGMEA (500) 


3 


Polym.3 (80) 


PAG.3 (2) 




TEA (0.1) 




PGMEA (500) 


4 


Polym.4 (80) 


PAG.1 (1) 
PAG.3 (2) 




TEA (0.1) 




PGMEA(400)/ 
EL(100) 


5 


Polym.5 (80) 


PAG.1 (1) 
PAG.3 (2) 




TMMEA (0.1) 




PGMEA(400)/ 
EL(100) 


6 


Polym.6 (80) 


PAG .4 (2) 




TEA (0.1) 




PGMEA (530) 


7 


Polym.7(80) 


PAG .5 (2) 




TEA (0.1) 




PGMEA (500) 


e 


Potym.8 (80) 


PAG. 2 (2) 




TEA (0.1) 


ACC.2 (0.1) 


PGMEA (500) 


9 


Polym.9 (80) 


PAG.1 (1) 
PAG .4 (2) 


DRR.2 (4) 


TEA (0.1) 




PGMEA (500) 


10 


Polym.10 (80) 


PAG.1 (1) 
PAG.3 (2) 




TEA (0.1) 


ACC.1 (0.1) 


PGMEA (500) 


11 


Polym.11 (80) 


PAG.1 (1) 
PAG.6 (2) 




TEA (0.1) 




PGMEA (500) 
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Table 2 (continued) 







Resist composition 
(proportions in parts by weight appear in parentheses) 


Example 


Base resin 


Photoacid 


Dissolution 


Basic 


Other 


Organic 
solvent 






generator 


regulator 


compound 


additives 


12 


Polym.12(80) 


PAG.1 (1) 
PAG .7 (2) 




TEA (0.1) 




PGMEA (500) 



Table 3 







Resist composition 
(proportions in parts by weight appear in parentheses) 


Example 


Base resin 


Photoacid 
generator 


Dissolution 
regulator 


Basic 
compound 


Other 
additives 


Organic 
solvent 


13 


Polym.3 (80) 


PAG.1 (1) 
PAG.4(1) 
PAG.9 (2) 




TMMEA (0.1) 




PGMEA(400)/ 
EL(100) 


14 


Polym.4 (80) 


PAG.1 (1) 
PAG.4(1) 
PAG. 10 (2) 




TMMEA (0.1) 




PGMEA(400)/ 
EL(100) 


15 


Polym.5 (80) 


PAG.1 (1) 
PAG.4(1) 
PAG.8 (2) 




TMMEA (0.1) 




PGMEA(400)/ 
EL(100) 


16 


Polym.3 (80) 


PAG.1 (1) 
PAG.8 (2) 




TEA (0.1) 




PGMEA(400)/ 
EL(100) 


17 


Polym.1 (40) 
Polym.3 (40) 


PAG.1 (1) 
PAG.4(1) 
PAG.8 (2) 




TEA (0.1) 




PGMEA(400)/ 
EL(100) 


18 


Polym.1 (60) 
Polym.9 (20) 


PAG.4(1) 
PAG.8 (2) 




TEA (0.1) 




PGMEA(400)/ 
EL(100) 


PGMEA: 

EL: 

TEA 

PEA 

TMMEA: 

TMEMEA : 


propylene glycol monom ethyl ether acetate 

ethyl lactate 

triethanol amine 

pyperidine ethanol amine 

tris{2-(methoxymethoxy)ethyl}amine 

tris[2-{(2-methoxyethoxy)methoxy}ethyl]amine 





Table 4 



Example 


Sensitivity: Eop (mJ/cm 2 ) 


Resolution (ujti) 


Immediate/ profile profile 


Thermal stability 


Immediate 


PED 2 hr. 


1 


15 


0.2 


0.2 


rectangular 


good 


2 


20 


0.2 


0.2 


rectangular 


good 


3 


25 


0.2 


0.2 


rectangular 


good 


4 


23 


0.2 


0.2 


rectangular 


good 


5 


28 


0.2 


0.2 


rectangular 


good 
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Example 


CAncith/itv Pnn fmJ/cm^^ 
oensiiiviiy. cup \inu/w" / 


Resolution (um) 


Immediate/ profile profile 


Thermal stability 




Immediate 


PED 2 hr. 


O 


24 


0.2 


0.2 


rectangular 


good 


7 


20 


0.2 


0.2 


rectangular 


good 


o 

O 


14 


0.2 


0.2 


rectangular 


good 


9 




0.2 


0.2 


rectangular 


good 


10 


20 


0.2 


0.2 


rectangular 


good 


1 1 


20 


0.2 


0.2 


rectangular 


good 


12 


15 


0.2 


0.2 


rectangular 


good 


13 


21 


0.2 


0.2 


rectangular 


good 


14 


] 22 


0.2 


0.2 


rectangular 


good { 


15 


25 


0.2 


0.2 


rectangular 


good 


16 


23 


0.2 


0.2 


rectangular 


good 


17 


18 


0.2 


0.2 


rectangular 


good 


18 

Good 


19 

: No change in pattern shape 


0.2 

s before and a 


0.2 
Iter heating. 


| rectangular 


good 



10 



15 



20 



25 



30 



[0246] Next. 0.05% by weight, based on the overall composition, of the acetylene alcohol derivator .Olfin I E1004 
manufactured by Nisshin Chemical Industry K.K.) having the structural formula shown below was added to fee met 
compositions of Examples 6. 7, 8. and 9. The resulting resist compositions were examined for she* stab.lrtfc as deter- 
mined based on the increase in particles (foreign matter). In an accelerated test .nvoly.ng «W * 4J-C. the number 
of particles having a size of more than 0.3 urn in liquid was determined using a part.de counter KL-20A (R.on K.K.) for 
counting particles in a liquid. The results are shown in Table 5. 
[0247] Off in El 004: 



(CHjCH^-H 

O CH, 



)CHCHz-C-C>C-C-CH t CH( 

(CHaCHaOk-H 



m' + n' =3.5 

45 



Table 5 



50 




Just after filtration (particles/ 
ml) 


After 4 months - Olfin not 
added (particles/ml) 


After 4 months - Olfin added 
(particles/ml) 




Example 


6 


3 


22 


5 






7 


5 


21 


7 


55 




8 


5 


15 


7 






9 


4 


15 


5 
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[0248] Japanese Patent Application No 29 1 67771 9Q7 i K inr«rr.«~« ^ u . . 
[0249] «houflh.om.p^ 

thereto in light of the above teachings. It «s therefore to be 

than as specifically described. unaerstood that the invention may be practiced otherwise 



Claims 



1. 




-P 



(0H) o 
(OR\ J 



integer, y is a positive integeTsatisfying X 5 ^To^T it f° ,d tetler ^ is 0 or a positive 

positive integer, satisfying k + m + n S 5 p and o tl SSnZ J k ' n,e9er • m is 0 or a P 08 ^* integer, n is a 
proviso that the * groVmay he ^^E^"^^^^! s^clf " T V = ' ' *" 
may have a weight average molecular weight of 1.000 oSOO uOO P I .T* 6 ' ** ^ P ° lymer 
oralkeny.groupsof,to30 carton atoms. ^iS^^^5^«TI! ,, ^; b, ^ W ^^ 
"^^-"-inggeneralfo^ 



o 

-<RV(C-R 6 ) r 



(2) 



(3) 



-R 4 -(OR Sa ) r 



(4) 



groups of 1 to 30 camon atoms. j£fi£££ S^mJ^T* T* - " e ** 
^ar S gro^ 

represented ly FMn foTuto S)?^^^^^^:?^ !T "? ^ Phen °' iC ^ ^ 
formuia (3) with an alkeny. ether compound STSSS aC etS c£T ^ hy * 0Kyl 9TOUps in 
labile group and the crosslink™ qrouo combing Ktff !^ f compound, and the amount of the acid 
entirety of hydrogen atoms in ^ g^n ZX HSSS ^ * 80m °' % °' ^ 
tn formula (2). and the hydroxyl groups in formula(3) ^ 9r ° UPS re P re8ent9d b V 

The polymer of claim 1 represented by the following general formula (5): 
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10 



16 



20 



25 



30 



35 



P- 



R. R' 

— {CHxCfci eCHtGhr 




-P 



R ' ,H K <0H>- R ' >H 0; (OHl - "'Ha 




R«-C-R w I 



(5) 

***** Hydroxy, or Croups, at .east one ^^S^^ 
is a normal, branched or cyclic alky, group ^o 1 *J°^fZ£?J£ rii , s a monovalent hydrocarbon 
hydrogen or normal, branched or cyc..c a»<yl groups d 1 to 8 c* Rl1 and Rl0 ^d pin. taken 
g L P of 1 to 18 carbon atoms which may have *^%Z^?S™*** alKylene group ot 1 to 18 carbon 
together, may form a ring, and each o " "J^£E, atoms, ? trialkylsilyi group whose alky. 
atoms when they form a ring, R 12 is a tertiary awqn group w represented by 

groups each have 1 to 6 carbon atoms, an "^^^^^J^^latpommma^ 

satisfying 0 < P 1/(p1+q1+p2+q2) s 0.8, 0 £ ' and P are as defined above, 

p1+q i «p*<2 = 1 01 and q2 ^.jS^^SSi oi me phenolic hydroxy, groups represented 
wherein a hydrogen atom may be eliminated from ^ s and the hydroxy! groups in formula (3) 

by R in formula (5), the hydroxyl a dc linage of the following 

to leave an oxygen atom which is crosslmked wrth a "^2Ses^dL amount of the acid labile group 
generai.c™M6a> W (6b)w^ 

lormula (2), and the hydroxyl groups in formula (3). 



R* 
I 



I 

0-ROyO-A [-0-(R 4 -0)d-C-ir- 

R T 



(6a) 



45 



50 



55 



R* 



-C-0-R a -B-A [-B-R'-O-C^- ^h) 



!■ if 



R' 



wherein Re and R 7 each are hydrogen or tt^XtS^ 
and P7, taken together, may form a ^^^^^ bmM or cyc.ic a.kylene group of 1 to 10 
group of 1 to 8 carbon atoms when they form a ring, Ft is a norma . grated hydrocarbon group, 

carbon atoms, letter d is 0 or an integer of 1 to 1 0, SShnJ have anLervening hetero 

aromatic hydrocarbon group or heterocyclic group of ^^^"^^ partially replaced by a hydroxyl group, 
atom and in which the hydrogen atom attached to "^~^»J*S^m« o ■ ■« ° f 2 to 

carboxyl group, acyl group or halogen atom, B is -CO-o . isnou v-> 
8, and C is an integer of 1 to 7. 
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Sn S S^ a 0 n Claim ! ,k \ t Grein ,0mU>a (1) ° f (5) ' 03 is at ,east 008 ™ mber sa ' a <^ horn the group 
cons.st.ng of a group of the following general formula (7) or (8). a tertiary alkyl group of 4 to 20 carbon atoms a 
tna.kyb.ry. group whose alkyl groups each h^1lo6e^ w^io^g^oS^SSl^^ 

R' 
I 

-C-O-R" 

R" (7) 



-CH^rC-O-R" (8) 

wherein F*» and FP o are independent hydrogen or normal, branched or cyclic alkyl groups of 1 to 8 carbon atoms 

R an^TiT Ht"o 9f ° UP ° n l ° 18 Cafb ° n a, ° mS *** a ^'ero atom, or rfKS" 

R 'and Rii. and Rio and R n , teken togetner ^ torm fi fj an{J ^ ^ branched 

alkylene group of 1 to 18 carbon atoms when they torn, a ring. R» is a ter1iary alkyl g of 4 to ££Sw2£ 

a tnUkyWyl group whose a.ky. groups each have 1 to 6 carbon atoms, an oxoa.ky. group of 4 to 20 Son atoms' 

or a group represented by formula (7). and letter a is an integer of 0 to 6. 

STi °' C ' aim 2 r?^ 0 crosslinkin 9 9 rou P havi "9 a C-O-C linkage represented by the general formula 

(6a) or (Sb) is represented by the following general formula (6a') or (6b 1 ): 'ormuia 



R 4 R 
-<p-(0-R^rO-A[-0-(R«-0)4-Cir- ... (6a') 



-4 



R 8 

( -0-R'-B-A[-B-R«-0-Cip- ... (6b ., 

R T R r 

M«Z n !TvI?i* 7 ,!r* are W r °9 en or a normal - «>«nehad or cyclic alkyl group of 1 to 8 carbon atoms, or R* 
nrn,,n ^ = 9 1 " 3 nn9 ' ™* P '° ViS ° lha1 each °' R6 « d R7 b a normal or branched alkylene 

?n - a *l ? Ca ^" t ' Whe " th9y form a ring - R8 is a normal ' or branched or cyclic alkylene group of 1 to 
JZEF* taMB / d ,S ° ° f a " hte9er °' 1 ,0 5l A is 3 C '- valenl normal ' branch ^ « cyclic alkylene. alkyltrM 

or alkyltetrayl group of 1 to 20 carbon atoms or an arylene group of 6 to 30 carbon atoms, which may have an 
.nte.ven.ng hetero atom and in which the hydrogen atom attached to a carbon atom may be partially replaced by 
a hydroxy! group, carboxyl group, acyl group or halogen atom. B is -COO, -NHCO-O or -NHCONH- letter C is 
an integer of 2 to 4. and c" is an integer of 1 to 3. ' 

5. A chemically amplified positive resist composition comprising 

(A) an organic solvent. 

(B) a base resin in the form of the polymer of any one of claims 1 to 4. and 

(C) a photoacid generator. 

6. The resist composition of claim 5 further comprising (D) another base resin in the form of a polymer comprising 
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recurring units of thefo.lowing genera, formula <9). some of the ^^^ S ^^^^^^Z 
being replaced by acid labile groups of at least one type in an average property of 0mol% to 80mol% of the 
entirety, said polymer having a weight average molecular weight of 3,000 to 300,000, 



CH£ 



'-0 



R' 

-cite- 

HQ 



R l 
I 

-CH,C— 



(9) 



O 

R'-C-R 10 ' 
O-R" 

wherein FP FP, R«, R 10 , and R" are as defined above, W = is an acid labile group different from *e -CRW<>OR" , 
e and f are 0 or positive numbers, g is a positive number, satisfying e + f + g = 1 . 0 < e/(e-rf + g) < 0.5, and 0.4 _ gl 

(e+f+9 wh1reinthe polymer ol formula (9) may be crosslinked within a molecule and/or between molecules ; with 
crosslinking groups having C-O-C linkages resulting from reaction of phenolic hydroxyl groups therein with an 
a kenvl ether compound or halogenated alkyl ether compound, and the amount of the acd labile group and the 
crossHntong g'oTp cornbined is on the average from more than Omol% to 80mo,% of the ent.rety of hydrogen 
atoms in the phenolic hydroxyl groups in formula (9) wherein e = 0, 1 = 0 and g - 1 . 

7. The resist composition of claim 5 further comprising (E) a dissolution regulator. 

8. The resist composition of claim 5 further comprising (F) a basic compound. 

9. The resist composition of claim 5 further comprising (G) an aromatic compound having a group: =C-COOH in a 
molecule. 

10. The resist composition of claim 5 further comprising (H) a UV absorber. 

11. The resist composition of claim 5 further comprising (I) an acetylene alcohol derivative. 

12. A process for forming a resist pattern comprising the steps of: 

(i) applying a chemically amplified positive resist composition according to any one of claims 5 to 11 onto a 

^htat Seating the coated film and then exposing it to actinic radiation having a wavelength of up to 300nm 
or electron beams through a photo mask, and 

(iii) optionally heat treating the exposed film and developing it with a developer. 

13. A method comprising the preparation of a polymer according to any one of claims 1 to 4 or of a resist composition 
according to any one of claims 5 to 11 . 
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